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RADIOLOGXICAL SURVEY
U.S. ARMY RESERVE PROPERTY
WELDON SPRING SITE

_ST. CHARLES COUNTY, MISSOURI

INTRODUCTION

From 1957 to 1966 the Weldon Spring Chemical Plant in St. Charles County,

Missouri, was used to convert uranium ore concentrates and recycled uranium

. a o

scrap to wursnim tetr;fluoride, uranium trioxide, and metallic uraniom.
Smaller quantities of thorium oxide were also processed at t.hese facilities.
The plant was operated by Mallinckrodt Chemical Works — Uranium Divisiom, umnder
contract with the Atomic Energy Commission (AEC). Residues and contaminated
wastes from these operations were placed in four omsite raffinate pits. During
the same period, and for several years following the termination of uranium and
thorium processing operations, the AEC also disposed of residues, contaminated
scrap, and building rubble in an abandoned rock quarry, approximately 5 km
southwest of the chemical plant site. Since termimation of AEC activities in
1969, the chemical plant and the quarry have remained essentially unused and in

caretaker status.

As successor to the AEC, the Department of Energy (DOE) is respomsible for
the management and ultimate disposal of the radiocactive wastes from previous
operations of the Weldon Spring Chemical Plant. Although wastes are primarily
limited to the pits, quarry, and the chemical plant, aerial and surface
monitoring have identified 1low-level <contaminatiomn on portirons of the
surrounding properties. Water monitoring has also indicated elevated
radionuclide levels in several of the springs and lakes on the adjacent
properties. At the request of the Department of Energy’'s Office of Nuclear
Energy, the Radiological Site Assessment Program of Oak Ridge Associated
Univefs?lties (ORAU) conducted a radiological survey of the United States Army
Reserv,e:'E'EP.roperty, ""adjacent to the former Weldon. Spring Chemical Plant, to
determine the extent and levels of offsite contamination resulting from

previous AEC operations and current onsite waste storage.



SITE HISTORY

In 1941, the Department of the Army acquired 6,974 hectares, surrounding
what is now the Weldon Spring Chemical Plant, as the site for am explosives
production facility known as the Weldon Spring Ordnance Works. Following shut
down of Ordnmance Work; in 1944, land which was declared surplus to army needs
was transferred to the Missouri State Comservation Commission for wildlife
conservation: the University of Missouri for agricultural purposes; and the
St. Charles County Consolidated School District. The remaining land (835 ha)
was placed under the control of the Department of the Army. In 1959, 752 ha=
was designated as a U.S. Army Reserve Training area. Of that amount, 6 ha was
transferred to the AEC in 1964 for construction of raffinate pit #4.
Corrently, the U.S. Army Reserve area is comprised of the remaining 746 ha.
There is no history of storage, use or disposal of radioactive material on the

Army Reserve Property.

SITE DESCRIPTION

The Weldon Spring site is located on Staie Highway 94, approximately 22 km
southwest of St. Charles, Missouri (Figure 1). The nearest community is Weldon
Spring at the intersectiom of Highway 94 with U.S. Highways 40 and 61.
Vicinity properties are indicated im Figure 2. The U.S. Army Reserve Property
is a fenced area occupying approximately 746 hectares. The land is relatively
level. Portions of the property are cleared and easily accessible while other
sections are wooded or overgrown with heavy brush. An extensive systém of
drainage ditches exists on the property, primarily for surface rumoff. One
main easement, hereinm called tﬁe Southeast Drainage Easement, runs south from
the Weldon Spring Chemical Plant to the Missouri River. This easement crosses
the .southeast cormer of the Army Reserve Property for approximately 300 m. The
site contaiﬁﬁ nummerous paved and unpaved roads, several inactive railroad
tracks, a few small lakes or ponds and many small buildings. Remnants of other
railroad tracks and buildings, previously associated with ordnance

manufacturing operations, remain on the property.



SURVEY PROCEDURES

The survey of the Army Reserve Property,. Weldon Spring Site was performed
by the Radiological Site Assessment Program of Oak Ridge Associated
Universities (ORAU) during March-July 1985. The survey was performed in
accordance with a survey plan dated December 21, 1984 and approved by the
Department of Emergy’s Office of Nuclear Energy. The methods and procedures

utilized in that survey are presented in this sectiomn.

Aerial photographs and drawings of the Weldon Spring Site, including the
U.S. Army Reserve Property, dating from 1957 to the present were reviewed to
aid in determining the best radiological survey approach and most probable

sites of contamination.
Field Procedures

1. Walkover surface scans were conducted at 1-2 m intervals over interior
and perimeter roads, trails, railroads and major surface drainage
pa thways. Portable gamma NalI(Tl) scintillation survey meters were
used for these scans. Areas with elevated radiation levels were roted

for further definitive surveys.

2. Gamma measurements were made at the surface and at 1 m above the
surface at 100 m intervals along major roadways, railroads and
drainage ditches. These measurements were made either to the left
(L), right (R) or in the center (C) of the traverse unless otherwise
indicated. The measurements were made using portable NaI(T1)
scintillation meters and results were comnverted to exposure rates in
microroentgens per hour (pR/h) by <comparison with a calibrated

" pressurized iomnization chamber.

Direct radiation measurements were also made at locations of elevated

surface levels as identified by the walkover surface scans.

3. Surface (0-15 cm) soil sami:les of approximately 1 kg each were

collected at 100 m intervals along major roadways, railroads and




drainage ditches. Samples were collected 1 m to the left (L), right

(R) or in the center (C) of the traverse unless otherwise indicated.

Grid systems were established inm two areas where more extensive

surface contamination was identified by walkover scams.

Walkover surface scans were conducted at 1-2 m intervals over the
entire gridded area using gamma scintillation detectors. Locations of

elevated contact radiation levels were noted for further sampling.

Gamma measurements were made at the surface and at 1 m above the
surface at each grid intersection and at elevated locations identified

by the walkover scan.

Dose rate measurements were measured 1 cm above the surface at each
gridline intersection wusing thin-window (<7 mg/cm2) G-M detectors and
portable scaler/ratemeters. Measurements were also obtained with the
detector shielded to evaluate the contribution of nonpenmetrating beta
and low—energy gamma radiationus. Meter readings were converted to

dose rates in microrads per hour (prad/h).

Surface (0-15 cm) soil samples of approximately 1 kg each were
collected at each accessible grid intersection and at selected

locations identified by the walkover scam.

Nineteen boreholes were drilled on the Army Reserve Property at
locations shown on Figure 3. Boreholes were drilled by Continental
Drilling using a truck-mounted hollow stem anger. Locations of the

boreholes were selected based on site accessibility and results of

"surface measurements and analysis of surface soil samples. Locatioms

were selected to provide representative coverage- of the Army Reserve

Property and further examine areas of contamimation.

Radiation profiles of the boreholes were determined by measuring gamma
radiation at 30 cm intervals from the surface to the bottom of the
borehole using a collimated NaI(Tl) gamma scintillation probe and

portable scaler.
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Samples of subsurface soil were obtained at various depths using a

split—spoon sampler.
Ground water samples were obtained from five of the boreholes.

Soil samples were collected from shallow boreholes, ranging in depth
from the soil surface to 100 cm, at selected locations of elevated

surface radiation levels identified by the walkover surface scan.

Samples of surface water were collected from creeks, ponds, drainage

ditches, and easements (Figure 4).

Sediment samples were obtained at locatioms of surface water sampling
and also at 100 m intervals along major surface drainage ditches.
Additional sediment samples were collected in areas of contamination

identified in the walkover scans.

Buildings which were intact and accessible were scamned using Nal
gamma scintillation meters. Direct alpha and beta—gamma surface
measurements were made on floors, walls, ceilings, and equipment.
Smear samples were obtained for measurement of transferable alpha and
beta contamination. Buildings which were no longer intact and
consisted mainly of rubble and concrete were scanned using NaI(TlX
gamma scintillation meters. Figure 5 shows the location of buildimgs

on the Army Reserve Property.

Six soil samples and five water and sediment samples were collected
from the Weldon Spring area (but not on the Weldon Spring Chemical

Plant or associated vicinity properties) to ©provide baseline

». concentrations of ‘radiomuclides for comparison purposes. Direct

background radiation levels were measured at locations where biseline
soil samples were collected. The locations of the baseline samples

and background measurements are shown on Figure 6.

Civil surveys were performed by a local surveying agency to identify

areas of contamination relative to the ordnance grid coordinate

o



system. (Because of the distances of some areas from state grid
benchmarks, it was not possible to tie locations to the state grid
coordinate system.) Permanent markers were installed at each of the

contaminated areas.

Sample Analysis Procedures/Data Analvsis Procedures

Soil and sediment samples were analyzed by. gamma spectrometry.
Radionuclides of interest included U-238, Th-232, and Ra—225, however, the
spectra were also reviewed for other gamma emitters. Water samples were
analyzed for gross alpha and gross beta concentrations. In addition, water
samples which exceeded 15 pCi/l gross alpha, were analyzed for Ra-226, Ra-228,
and isotopic uranium concentrations. Two samples were also analyzed for
isotopic thorium. Smear samples were analyzed for transferable gross alpha and
beta contamination. Additional informatiom concerming equipment and procedures

is contained in Appendices A and B.
Results of this survey were compared to the DOE guidelines for residual

radiocactivity at formerly wutilized and surplus facilities sites. (Refer to

Appendix C)
RESULTS
The results of this survey are presented in two sectioms. Part A provides
general survey findings, identifying locations of contamination. Further

characterization of these contaminated areas is discussed in Part B.

A. General Survey Results

Backg;oun&'Levels and Baseline Concemtrations

Background exposure rates and baseline radiomuclide comcentratioms in soil
determined for the vicinity of the Weldon Spring vicinity properties are
presented in Table 1A. Exposure rates ranged from 5 to 8 pR/h. Concentration
of radionuclides in soil were: Ra-226, 0.55 to 0.92 pCi/g (picocuries per

gram); TU-238, <0.68 to 1.62 pCi/g: and Th~232, 0.95 to 1.48 pCi/g. These



concentrations are typical of the radionuclide levels normally encountered in

surface soils.

Baseline radionuclide concentrations determined in sediment are presented
in Table 1B. Radium—226 concentrations ranged from 0.35 to 0.92 pCi/g; 1-238
concentrations ranged from <0.66 to 1.4 pCi/g and Th-232 concentrations ranged
from 0.24 to 1.02 pCi/g. These concentrations are typical of radionunclides

normally encountered in sediment.

Radiocactivity levels in baseline water samples are presented in Table 1C.
Gross alpha concentrations xanged from 0.48 to 4.09 pCi/l (picocuries per
liter). Gross beta concentrations ranged from 3.50 to 7.39 pCi/l. These are

typical concentrations normally occurring in surface water.

Armv Propertv Railroad System

Direct Measurements

Direct radiation levels, measured at 100 m intervals along the entire
railway system within the Army property (Figure 7), are presented in Tables 2
and 3. The gamma exposure rates measured at 1 m above the surface ranged from

6 to 13 pR/h. Surface exposure rates ranged from 6 to 9 pR/h.

The walkover survey identified two areas of generally elevated surface
radiation levels containing numerous "hot spots'" (designated as Locations #1
and #2), and one smaller area with a few isoclated "hot spots", which has been

designated as Location #3.
Radionuclide Concentratioms in Surface Soil

Radionuclide concentrations measured at 100 m intervals alomng the Army
Property Railways are presented in Tables 4 and 5. All concentrations measured
are within the normal range of baseline samples, with the exception of the
concentrations measured along Railroad #2' (refer to Table 5) which is adjacent
to an area which has been identified as contaminated (Location #1).

Uranium—238 concentrations measured at 50 m intervals along Railroad #2' ranged



from 0.98 to 143 pCi/g. Radium—226 and Th-232 concentrations are within the

normal baseline ranges.

Major Armv Property Roads

Direct Measurements

Direct radiation levels, measured at 100 m intervals alomg the major roads
(Figures 8, 9 and 10), are presented in Tables 6-12. The gamma exposure rates
at 1 m above the surface ranged from 5 to 9 uR/h and surface contact gamma

exposure rates were from 5 to 8 pR/h.

The walkover survey of the major roads identified ome isolated "hot spot',
one meter to the morth of Road #1, 1154 m from the property entrance gate.

This spot has been designated as Location #7 and is shown on Figure 11.
Radionuclide Concentration in Surface Soil

Concentrations of radionuclides measured in surface soil collected at 100 n
intervals are presented in Tables 13-19. Levels of Ra-226, 0-238 and Th-232
were below the minimum detectable activity or within the range of the baseline

samples.

Secondary Armvy Propertvy Roads

Walkover surveys of approximately 75% of the secondary roadways did not
indicate any areas of elevated surface radiation: further measurements and

sampling were therefore not performed along these roadways.

Major Surface Drainage Ditches

Direct Measurements

Direct radiation levels measured at 100 m intervals along the major surface
drainage ditches (#4, #4A, ditch from Location #1 — Figure 4) are presented in
Table 20. Gamma exposure rates measured at 1 m above the surface ramged from 7

to 11 pR/h and surface measurements ranged from 7 to 14 uR/ h.



Gamma exposure rates measured along a short section of drainage ditch
paralleling the underground section of the Southeast Drainage Easement (Figure
17} ranged from 5 to 8 pR/h at the surface. Because these were background
levels and no elevated —radiation levels were identified, additional

measurements and sampling were not performed along this ditch.

The Southeast Drainage Easement is designated as Location #4 and is

discussed in Results Section B.

Two areas of elevated surface radiation levels were identified by the
walkover scan. All of the ditch running from the fenceline near the raffinate
pit to ditch #4 has been designated as Location #5. The first 200 m of ditch

#4, near the Army property fenceline has been designated as Location #6.

Radionuclide Concentrations in Sediment

Concentrations of radiomuclides measured at 100 m intervals along the major
surface drainage easements are presented in Table 21. Uraniom—238
concentrations ranged from 0.46 tec 59.2 pCi/g. The latter value was from a
sample taken from ditch #4 at the Army property fencelinme (Locationm #6). All
other Uranium—238 values were <12.5 pCi/g. Radiwm-226 and Th-232
concentrations ranged from 0.53 to 1.57 pCi/g and 0.62 to 2.23 pCi/g,

respectively.
Radionuclide Concentrations in Water

Radionuclide concentrations measured in water from surface drainage ditches

were within the normal baseline values (Table 22).

Schote Creek e -

Direct Measurements

Direct radiation levels measured at 100 m intervals along Schote Creek are
presented in Table 23. Gamma exposure rates measured at the snrface and 1 m

above the surface did not exceed 8 uR/h.



Radionuclide Concentrations in Sediment
Radionucl ide <concentrations measured in sediment collected at 100 m
intervals along Schote Creek are presented in Table 23. All concentrations

measured were within the range of baseline concentrations.

Army Property Ponds

Radionuclide Concentrations in Surface Water

Radionuclide concentrations measured in two ponds located on the Army
Reserve property (Figure 4) are presented in Table 22. Gross alpha and beta
concentrations are within the range of baseline concentrations.
Radionuclide Concentrations in Sediment

Sediment samples obtained at locations of surface water sampling contain

concentrations withir the range mnormally encountered in baseline samples

(Table 25).

Borehole Gamma—Logging Measurements

The locationms of boreholes drilled on the Army Property are shown on
Figure 3. Borehole gamma-logging did not identify any elevated subsurface
radiation levels. Logging data were not used to quantify radionuclide
concentrations im the subsurface soil due to the absence of significant
positive findings and the varying —ratios of different gamma—emitting

radionuclides in soils at this site.

Radionﬁélide Concentrations in Subsurface Soil from Boreholes

Radionuclide concentrations measured in subsurface soil from boreholes are
presented in Table 26. None of the 19 boreholes contained subsurface
radionuclide concentrations significantly different from Tbaseline soil

concentrations.
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Radionuclide Councentrations in Subsurface Water from Boreholes

Gross alpha and beta concentrations in subsurface water samples collected
from five boreholes are presented in Table 27. Gross alpha concentrations
ranged from 0.60 to 9.10 pCi/1l, which is within the range normally encountered

in nature.

Building Survevs

The results of the building surveys for buildings 1-3 and 14-21 are
summarized in Table 238. No areas of elevated direct radiation or surface
contamination were mnoted. Further building measurements were therefore not

nece ssary.

Walkover surveys of the rubble remaining from buildings 4-13 did not
identify any aress of elevated surface mezsurements. Gamma exposure rates

ranged from 5 pR/h to 10 pR/h.
B. Results at Identified Locations of Contamination
Location #1

Location #1 is adjacent to the Bechtel/DOE access road (Figure 7). A 10 &
grid system was established in the southeazst corner of Location #1 covering
from 0 North to 50 North and 0 West to 50 West (Figure 12). Adjacent areas
within Location #l1 were sampled using either a2 20 m or a 40 m grid interval.
The larger grid intervals were used as surface radiation levels approached

background levels.
Direct Measurements

Direct radiation levels measured at grid intersections are presented in
Table 29. The gamma exposure rates measured at 10 m grid intervals 1 m above
the surface ranged from 7 to 52 pR/h. Surface contact gamma exposure rates and
beta-gamma dose rates ranged from 6 to 56 pR/b, and 6 to 1280 prad/h,

respectively. Within the 20 m and 40 m grids, gamma exposure rates 1 m above




the surface ranged from 4 to 9 pR/h. At surface contact the exposure rates
ranged from 4 to 11 puR/h and beta—gamma dose rates ranged from 4 to 44 prad/h.
Measurements performed with the detector shielded averaged approximately 40%
less than those with the unshielded detector. This indicates that a small
portion of the surface dose rate is due to nonpenetrating beta or low energy
photon radiations. Exposure rates and dose rates were highest within the 10 m

grid area and dropped to background levels within the 40 m grid section.

The walkover survey identified mnumerous locatioms of élevated surface
radiation levels. These locations are indicated in Figure 13 and associated
direct radiation levels are presented irn Table 30. Contact gamma exposure
rates ranged from 15 to 660 pR/h. Gamma exposure rates at 1 m above the
surface and contact beta—gamma dose rates ranged from 7 to 59 puR/h and 610 to

60460 prad/h, respectively.
Radionuclide Concentration in Surface Soil from Grid Intersectiomns

Table 31 lists the concentrations of radionuclides measured in surface soil
from 10 m, 20 m and 40 m grid intervals. Samples obtained from the 10 m grid
area contained Ra-226 concentrations ranging from 0.42 to 18.1 pCi/g. The
concentration of U-238 ranged from 0.60 to 1100 pCi/g and Th~232 comncentrations
ranged from 0.13 to 4.82 pCi/g. Radionuclide concentrations collected from the
20 m and 40 m grid sectioms are within the range encountered in baseline scil

samples.
Radionuclide Concentratiom in Soil from Boreholes

Radionuclide concentrations measured in soil samples from randomly spaced
shallow ‘boreholes are presented in Table 32. Radium—-226 concentrztions ranged
from.0.89.:to 1.22 pCi/g. Concentrations of U~238 and Th-232 ranged from 1.01

to 4,35 pCi/g and 0.79 to 1.42 pCi/g, respectively.
' /

Radionuclide concentrations in borehole samples from areas identified as
having surface <contamination are preseated in Table 33. Uranium—238
concentrations ranged from 2.76 to 29,530 pCi/g. Radium~226 concentrations

ranged between 0.70 and 40.1 pCi/g. Concentrations of Th-232 ranged from <0.46
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to 450 pCi/g. Uranium—238 contamination was noted to at least 1 m below the

soil surface.

At many locations of elevated contact radiation levels, pieces of metal,
debris, and slag were encountered while sampling, preventing deeper samples
from the same area. A 1.7 kg slag sample obtained at 8N, 14W had a total U-238

activity of 1.4 mCi (millicuries).
Radionuclide Concentration in Surface Water

Two samples of surface water were collected from the drainage ditch within
Location #1 (Figure 12) and the radionuclide concentrations are presented in
Table 34. Gross alpha and beta measurements in the sample collected at 18N,
50W were 3070 pCi/l1 and 4220 pCi/l, respectively. Uranium-238 and U-234
concentrations were 1699 pCi/l and 1643 pCi/1- Ra-226 and Ra-228 were
<0.08 pCi/1 and 0.2 pCi/l, respectively. The samplé from 38N, 90W had gross
alpha levels of 0.90 pCi/1 and gross beta concentrations of 6.43 pCi/1.

Radionuclide Concentration in Drainage Ditch Sediments

Radionuclide concentrations in sediment samples, collected from locations
along the drainage ditches within Location #l, are presented in Table 35.
Radium-226 concentrations ranged from 0.60 to 1.27 pCi/g. Uraniumm—-238 and

Th-232 ranged from 1.09 to 781 pCi/g and 0.48 to 11.40 pCi/g.

Location #

A 10 m grid system was established along an 80 m x 20 m sectjon of Railroad

#2 (Figures 7 and 14), and is designated as Location #2.
Direct Measurements

Direct radiation levels measured at the grid points are presented in Table
36. Contact gamma exposure rates ranged from 6 to 13 uR/ k. Gamma exposure
rates at 1 m above the surface and beta-gamma dose rates ranged from 6 to

14 pR/h and 7 to 120 prad/h, respectively.



Direct radiation levels measured at locztioms identified inm the walkover
scan are presented in Table 37 their positions in the grid are shown in Figure
15. Gamma exposures rates at 1 m above the surface ranged from 8 to 21 pR/h.
Contact gamma exposure xates and beta—gamma dose rates ranged from 17 to

150 pR/h and 92 to 4950 prad/h, respectively.
Radionucl ide Concentrgtion in Surface Soil

The concentrations of radionuclides measured in surface soil collected at
grid point intersections are listed in Table 38. The concentratiom of U-238
ranged from <0.97 to 57 pCi/g. Thorim—232 comcentrations ranged from 0.49 to

1.91 pCi/g; Ra-226 concentrations ranged from 0.64 to 1.84 pCil/g.

Radionuclide Concentration in Soil from Boreholes
ng.._».( Looa T
Radionuclide concentrations measured in soil samples from shallow boreholes
are presented in Table 39. Uranimm—238 concentrations ranged from 160 to
1350 pCi/g. Concentrations of Ra-226 and Th-252 ranged from 0.99 to 5.00 pCi/g !
and 0.88 to 2.28 pCi/g, respectively.

At some locations of elevated contact radiatiom levels, pieces of metal and :
debris were encountered within the top 15 cm of soil. In many cases, the
contact radiation levels decreased to background levels once the objects were
removed. Contamination in most locations extends to at least 30 cm below the

soil surface.

Concentrations of radionuclides in scil samples collected from two isolated
locations identified in the walkover scan 23 m west of the gridded area are
presented in Table~39.: Uranium—238 and Ra-226 concentrations-ranged from 10.1

~to 390 pCi/g and 2.78 to 36.2 pCi/g, respectively. . d
Location #3

Location #3 is a wooden loading dock situated adjacent to Railroad #2,
approximately 450 m from Location #2 (Figure 15). The structure rises

approximately 4.5 m above railroad #2. Railroad #2B ends at the top of the
loading dock.

14




Direct Measurements

Gamma exposure rates of 33 pR/h were measured in the area directly beneath the
corners of the loading dock and 22 BR/h was measured on the southeast cormer on

the top of .the loading dock.
Radionuclide Concentration in Surface and Subsurface Soil

Radionuclide concentrations measured in samples obtaimed from the top of
the loading dock and directly beneath the cormers of the loading dock are
presented in Table 40. Concentration of U-238 ranged from 436 to 2640 pCi/g
and Ra—226 concentrations ranged from 0.82 to 4.46 pCi/g. Thoriwm—232

concentrations were below the minimum detectable activity.

The concentration of U-238 in fhe sample collected at the southeast corner
of the top of the loading dock was 1042 pCi/g and the Ra—276 concentration was
4.46 pCi/g. The range of Ra-226 concentration in so0il from the shallow
borehole dug at the north east corner, lower level, of the loading dock was
- 0.82 to 3.14 pCi/g. The U-238 concentration ranged from 2640 pCi/g in the top
15 cm of soil to 477 pCi/g in the sample obtained from 45-60 cm below the soil

surface.

Location #4

Location #4 is a short sectiom of the main drainage easement running from
the Imhoff Tanks within the Weldon Spring Chemical Plant to the Missouri River
(Figure 17). It crosses the southeast corner of the Army property and is
referred to as the Southeast Drainage Easement. The runoff flows through a
20 cm diameter underground cement Pipe and surfaces approximately 200
southeast of the chemical plant property fenceline. This drainage ditch
continues above ground for .approximately 305 m to the perimeter fence between

the Army Property and Weldon Spring Wildlife Area.

Direct Measurements

Direct radiation levels, measured at soil sampling ‘locations and at

locations identified in the walkover scan along the length of the drainage

15



easement crossing Ammy Reserve Property are presented in Table 41. Gumma
exposure rates at 1 m above the surface ranged from 8 to 29 puR/h and exposure

rates at the surface ranged from 7 to 120 pR/h.

Radionuclide Concentration in Soil

Radionuclide concentrations measured in surface soil at 100 m intervals
along the easement are presented in Table 42, Concentrations .of U-238 ranged
from 1.26 pCi/g to 42.0 pCi/g. Radium—226 and Th-232 concentrations were from
0.76 to 8.36 pCi/g and 0.43 to 2.69 pCi/g, respectively.

Radionuclide Concentratioms in Sediment

Concentrations measured in sediment samples collected at 100 m intervals
are presented in Table 42, Uraniwm—238 concentration ranged from <1.56 to
39.7 pCi/g and Ra-226 concentration ranged from 4.34 to 6.57 pCi/g. The

concentration of Th-232 ranged from 1.41 to 2.14 pCi/g.

Radionuclide Concentrations in Soil from Shallow Boreholes

é_ﬁg':
Concentrations of -radiomuclides measured in soil samples from shallow
boreholes are presented in Table 43. ijp\_pf__Eggﬂ_§i;_;hgg§hgl55_“contained
elevated U-238 comcentrations ranging up to 1010 pCi/g.._h_ Raditm-226

concentrations ranged fr0m.?:Q4_to 210 pCi/g and Th—232 levels ranged from 0.88

.~ e vae e

te 69.1 pCi/g. Radionuclide concentrations measured in the borehole at the
——TTTTT e

origin of the drainage easement did not differ significantly from
concentrations measured in baseline samples. Contamiration extemnds to at least

60 cm below the soil surface in most of the borehole locatioms. -~

Radionuclide Concentrations in Surface Water

Two water samples were collected from the southeast drainage easement. The
radionuclide concentrations measured in the drainage water are presented in
Table 44. Both samples contained elevated gross alpha and beta concentrations.

The sample collected at the origin of the easement had a gross alpha

16




concentration of 147 pCi/1l, The sample collected at the prbperty fenceline had
a8 gross alpha concentration of 159 pCi/l. Isotopic uranium, radium and thorium
concentrations measured for both .samples indicate that uramium 1is essentially

the only contaminant.

Location #5

Location #5 is a surface drainage ditch leading from the raffinate pits to

drainage ditch #4 (Figures 11 and 18).
Direct Measurements

Direct radiation levels measured at 100 m intervals along the drainage
ditch are presented in Table 45. Gamma exposure rates were from 6 to 8 LR/b at

the surface and 6 to 13 pR/h measured 1 m above the surface.

Direct measurements from areas of elevated surface readings identified in
the walkover scan are presented im Table 46. The highest surface gamma

exposure rate (45 pR/h) was measured at 202 m from the origin of the ditch.
Radionuclide Concentrations in Sediment

Radionuclide concentration in sediment samples collected at 100 m intervals
are presented in Table 47. Uraniuwm—238 concentrations ranged from <1.05 to
6.00 pCi/g-: Ra—226 and Th-232 concentrations were from 0.61 to 8.22 pCi/g ard
0.61 to 1.24 pCi/g, respectively.

Concentrations of radionuclides measured in sediment from areas of elevated

surface contamination are preseated in Table 48. Radiumm—226 concentrations

ranged from 0.94 wp to 62.6 pCi/g. U-238 and Th-232 levels were within the

.levels normally encountered in baseline samples.

Radionuclide Concentrations in Surface Water
Radionuclide concentration measured in a water sample obtained at the
culvert 22 m from the origin of the ditch are presented in Table 22. Gross

alpha concentration was 4.28 pCi/1 and gross beta concentration was 3.22 pCi/ 1.

17




Location #6

Location #6 consists of approximately 200 m of Ditch #4 beginning at the
Bechtel/DOE fenceline (Figures 11 and 19).

Direct Measurements

Direct radiatiom levels measured at locations identified in the walkover
scan of ditch #4 are presented in Table 49. The surface gamma exposure rates
were 14 pR/h and 15 pR/h measured at 95 m and 160 m, respectively. The
exposure rate did not change significantly after a 1 kg surface soil sample was

removed.
Radionuclide Concentrations in Soil from Shallow Boreholes

The radionuclide concentrations measured in two boreholes (at 95 m and
160 m) are presented in Table 50. Uraniom-238 comcentrations ranged from 40.1

to, 123 pC1/g. Thor1um—232 and _Ra-226 _concentrations were w1th1n ‘the range

PR S - [

normally encountered in basel1ne samples.,

Location #7

Location #7 is an isolated "hot spot" located 1 m to the morth of Road #1,

1154 m from the entrance to the Army Reserve Property.

Direct Measurements

Table 51 presents the direct radiation levels measured at this locationm. A
maximum surface dose rate. measurement of 500 prad/h was recorded-.and the

maximum surface exposure rate measured was 290 pR/h.
Radionuclide Concentrations In Soil From Shallow Boreholes
Radionucl ide concentrations from a shallow borehole at location #7 indicate

that the Ra—226 contamination is confined to the top 15 cm of the soil surface.

The maximom Ra-226 concentration measured at this location was 215 pCi/g.
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Uraniuwm-238 and Th-232 concentrations did not vary significantly from baseline
levels. The results from the analysis of soil samples obtained at Location #7

are presented in Table 52.

Th-230 Analyses on Selected Samples

Thorim—230 analysis was performed on selected samples from areas which had
elevated uranium concentrations. Thorim—230 concentrations ranged from 1.39 *

0.13 pCi/g to 53.4 * 0.8 pCi/g (Table 53).

COMPARISON OF SURVEY RESULTS WITH GUIDELINES

The guidelines applicable to cleanup of vicinity properties at the Weldon
Spring Site are presented in Appendix C. The Department of Energy criteria for
residual wraniwm in soil specified for the Weldon Spring Vicinity Properties,
is 60 pCi/g of U-238 above background provided that the isotopic uranim
distribution is normal. The exposure rate criteria at 1 m above the surface is
20 pR/h above background or 27 pR/h for the Weldon Spring area. Radiation
levels and radiomuclide concentrations exceed these guideline valumes at seven

locations.

Exposure rates at 1 m exceed the 27 MR/h criteria at Location #1 and st one
sampling point (10 m) of Locationm #4 (Table 41). Uranimm—238 conmcentrations inm
soil samples collected from locatioms of elevated contact radiatiom levels
exceed the maximum concentratioms in samples collected at all of the seven
contaminated locations. Subsurface soil concentrations exceed the criteria for
uranitm at Locationms #1, 2, 3, 4, and 6. Pieces of metal and rock prevented
examination of the depth of contamination below approximately 1 m at Location
#1. Simple regression of the data from several sample poirnts withinr Locatiom
#1. indicate that contamination levels will likely decrease to below the DOE
criteria for uranium within the first 125 cm of soil. The soil criteria for
Ra~226 (5 pCi/g) are exceeded at Locations #5 and #7 to a maximum depth of
approximately 1 m. Thoriuwn—230 measured in selected samples from several
different locations was found to exceed the guideline of 5 pCi/g at location
#1. Uranium concentrations measured in these same samples are orders of

magnitude greater then the measured Th-230 concentrations, therefore,
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uranium-238 will be the determining guideline factor. Table 54 and Figures
20-25 summarize the areas of residual contamination exceeding the DOE
guidel ines. The estimated totazl volume of soil to be removed to meet the

guidelines is approximately 6 x 103 o3,

The two samples of surface water from the southeast drainage easement and
ope sample from the ditch within Location #1 contaimed gross alpha
concentrations in excess of EPA guidelines (15 pCi/1)1. Combined Ra-226 plus
Ra-228 concentrations in water samples were less than 5 pCi/l. Isotopic
analyses for uranium indicate that the total comcentratioms of U-234 plus U-238
exceed the measured gross alpha concentrations. Vhen the wuranimm isotopic
concentrations are subtracted from the total gross alpha «concentration
measurement the values are less than 15 pCi/l. It should be noted that gross
2lpha measurements are determined by calibrating against an alpha emergy which
is higher than the actual wuranium energy; . therefore, the gross alpha
measurements will be slightly lower than the total isotopic measurements. The
EPA standards are used here for comparison purposes only, because this water

does not represent a source of drinking water.
SUMMARY

* A radiological survey of the U.S. Army Reserve property located at Weldon
Spring, Missouri was conducted at the request of the U.S. Department of Energy.
The survey imcluded surface radiation scans, meazsurements of direct radiation
levels, and analysis of radionuclide concentrations in soil and water, both
surface and subsurface. In addition, sediment samples from drainage ditches
were analyzed and representative buildings (intact and destroyed) were

surveyed.

The ‘results of the survey..identified seven areas of U;238, Ra—226, and/or
Th—232 contamination exceeding DOE guidelines. Subsurface sampling- and.
measurements indicate that contamination is generally limited to the upper 1 m
of soil, although contamination at Location #1 may extend to approximately
1.25 m below the surface. Reduction of coptamination to guideline levels would
require the removal of approximately 6 x 103 o3 of material. In addition,

portions of the wooden loading dock 2t Location #3 may need to be removed.
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Although there are areas of contaminated residues on portions of this
property, the contaminants do not currently pose potential health risks to
persoonel on the property or to the general public. There is evidenmce that
of fsite migration of radioactive materials is continuing via the Southeast
Drainage Easement and the drainage ditches from the Raffinate Pit and Ash Pond

on the adjacent DOE property.

21



'Sa13Jdadouy AR PUO a11s Buluds uop)a s

[

SUE JO UOIR0D0T ayy Buludipul 1uNoSSI Uda1507

A P IR NEE
SIPCT 'LS
A \& SAILIARCUN
”)1 e e e e
NREAN ] |
o \v 01
U . LIS
o ™ ONIYdS
e N NOGTI3A
@ NUIWaL ® ImIAZINGA
P2dSM



Ol Dutads uopyam

BAUaSIY Away o Buiuapdoyg Ajdadadyg o
O./&.
S
AL¥3dOdd 304 J s
J:
\\ i 36
m
PDA« ———
-
JUYNIYIU , :
LSY3IHLNOS Sy
vINY 34070TA L \
ONINdS NOT73M ALY¥3d0¥d IAYISIY
AWNY .
AN \
—
%/ ™~
R 5. N vaNY 3417070M
2 04 / HaSNnE
¥° Tt u
T, _
% i
LVV m
]
\

JAN9OI4

91dSM

23



L \N \-

+

48doud andasay Auwdy uo sajoysdoyg 40 U013 0207 £ FJNDI 4

SANOd

30N34 T T T

SYILINGI N _

12dsAM

24



Soyn aboutou( snuguny uolup 4o UCIL OO0 9N9T 4

JON34 T T

1 ’I.V—v... ...o._}..l.:(
Ivharve SAFLIWCTTA
HJLIQ J9UVNIVU : [T
. i '
i !

iNFWasv:
39YNIVYd \\\
L3v3HLNasS, ~ .

I NODILY2DT
WO -

HJLIT

(GH# U0I3VD07)
LId JLYNI4AVS
WOY4 H3LIA

UNOd HSVY

P# H3ILIA



Property

Army Reserve

gs on

of Buildin

ation

FIGURE 5S¢ Loc



S31dW0S 8uUNesvY PUD SIUBWIUNSVa| Punoudb>oog
JO suoipvd07 Bumoys ovady siNoT 'S 40 dow 9 INN9I

SNOILVIOT
TdWY
A1dHYS I1410Vd
SA3LIWOIA ®
_ _ _ YIIINIANOLNITIY
12 i a
mw oIV d
I999A
v

ENNIVAYN

\ ¢ 6

gy ud xmari

SINU LS

4 76 BERREL
o N

uzzumm a
) e DCSIADT "Ls YT

NG nnossit_z o
5 NOT1IY.4,0
o, < S¥3LI 3TIUAZLNIA 0
- S3TYVHD
'LS
L1dSM

& ul_v:>u|;tuu




Lol PUO gag o 2d
O QI8 VI T4 POOUNDY AWdy JO UOIR0307 i/ FANYLJ

x
x

SANdS § OLNI

SLITdS vy |
QUVYAHILIAS

FINFA —H—K
avoyuvy

3TvVas 04 LON

E# NOILYIDT f

Y

D ——
2 Y1 0a7g
2 NOILVLS

S ¥3M0d

op QuOodTIvE

14 avoy ,:::////////
Ralial:
24 3
28 NOILY3O7
319 % NOILLYDOT
3ONVHLNI
oL AL¥3dO¥d 300/731H23d 02dSA
ol avoy

28



'Ry uadouy ANUBS3Y Auuy
Uo sAompooy Jolop 40 U013 0D07 8 JN9I4

SaNOd G

mmmmmm



FIGURE 9 Loc

Roadways on
Property.

of Ma jor

otion

Army Reserve




c
@)
n
>~
@)
z .
T >
S
o <«
vy w
a
¢ O
o <
apyal
@]
= W
>
G
C w
n
cC o
0w
_*_>
S >N
U £
o C
1<
o
—t
Ll
(8%
D
J
—
L



‘Aydadodyd anuasay Audy uf
S0aUy PaLVULI0LUO] JO UCILYI0T 1] J3NOT 4

V3V AILYNIWVLNUD i

SRS S [eo—
IvOIIIVY : SYILIWD I

HILIO 39YNIVYQ _ e
UNOd 5

LM3IW3ISYVI
JOYNIVQ

LSVIHLNGS

LId
JLVNLIdvY

(G# UOI30D07)
1Id 3LYNIAIvY
WOY4 HOLIQ

GNOd HSW

HATYD
JLOHIS

bk H3OLIA

w ©30N34 T T T

92dSA

32



'ODUBUD By AAAUNS

A0F PIYSNYOLST PIUD—-~T4 U011 0207 2] JNNII4

S3IHILIA 3DVYNIVYQ —— — ——

S3IL3H 3INI]  ————

[
of 0 avoaimvy  ———y

MOETNO

ALd3d408d
30a/73LH334
01 avoy¥ ss3oov (

(000613 3 00002N> *

YINYYH AJANNS
IN3NVHY3d

23dSM




UO|30|PVY 320

'Guju
AT 40O

UB3S 820j4dnS A9 pPaljdijruap] |
SUO|3.0307—~T4# UOI3B207 1] INNDIS

STAAFT NaLLvI Sgﬁbgg. SHILIT 2OVNIVU —— e =

_

L /O ACEITNO
L Of
L 4
se e b

/

/

ATNOR

\

BN

\
ufi

\

JONId  emmmm—
CVIRIUVY bt~

Ja

V



'80UBUB3aY ABAUNS UO4 PBYSNOVEST PlUg—-Z4# UOIL0D07 ] INASIH

S¥3L3NR
o1 @

(aaNoanvay) avourve oy, N

aNUd

02
‘.\.\T‘\I\l
II||\\\»\T..\.L.\\T\\\;\\.\T\|\

ey S0l

308 30 09 308 Ny aoe 02 30l UQmo

35



‘Bunduwosg oS
DI} 0WaLSAS PUD UDVDS JU3ACHIOM ayjz Ad palfiruap]
UOIJ- IR0y ©3831VA81] O SUOIEVD0T--2# UO|30307 1GT FINDI A

SY3L3NK k
} w

@3nganvay) avosuvd . N

SONIOY3Y (3LYAITI3 HLIM SNOILYOOT @

aNaod
\T\‘ [}
| e : MET'SET @
| ] AE2'ST1 @
|t
i e sot
, o
| o
| ®
308 ) L a09 aog aor 30€ 303 30! mQMQ FEASM
M

36



UVIS USAOHIOM ayr AQ PB8I412USR] UOILVIPVY KB1UAS|T 40
SU01302307 Bulpodipu] vady 3507 BupooTj——c# U0|2.0D07 9] IYN9I4

SONIGY3Y QALYAITI HLIA SNOILYIOT @
avodiivd _ _

e H d7vas 0L LON
ﬁ N

HESY — @ ;

ok IV IV

28 QVOaTIVvY

SEdISA




Oul

UDDS Jd3A0MoM ay) Ag PalJIFUapP] uolyolpoy
PSI3.0A81] JO sSUOILOD0T puo plug aDU3Ua Jay ayy
+02IPUL Luawesoy] abourou FS0OYLNOS——pif UOILODOT /]

/

HS0E

'SANVL JAUHWI WON4 ONIGYIT
QIJL3NWYIL WI 02-) Adld LNIW3D INNDADNIANND

3y Ty 1 esd

SYILINW

0

* oot

N

~\‘\‘- 3y ¥

HS6!

Jedn91

YA,
/ o
g \/y
A
S N\ RN
./M# / / \ .N.W\/
/ / / JJ.
.\. 3
NN
D BN AL
\‘.\ N YLEJSA

38



'UDDS JAAOHIOM

Yl Ad palfirusp] uoly POy 0830A813 JO SU0|3:VD07

PUD pID aduadagay ayjy Bupodjpul id 210Ul oy
00 wWo43d Yoriq aboujod—-G# U0I30207 18T NI

SONIQVRY G3LVAITI HLIA SNOILVOOT @
ALY3d03d

300/7131H938
3NIT3ONTY ﬁ 3 — — —

N 3YIS UL LON m

Lid 3LYNILi4vY

//
I

FdSA

3¢



'U0DS JaA0MIOM 3Yg A pal4lruap]
UOILVIP0Y R830A3)] 40 Su0j3vD07 Bujgosipul
PUOd Ysy Wodg yo3ig abouisug—-9# u0I2v207 16T IYNIIY

SONIOY3Y GILYATTI HLIA SNOLLYOOT @
IS — — — —

_ JTVaS UL 1ON

H

H

. OvdsA

40



'SaUNsPINg 300 Y3 PaedxXT YdIYM SVaUy-—If# UOILVD0T 102 JYNIIJ

(bS28°0+0613 R

1816'82961N)

AINIYH AJAENS ~ SANIN3AIND YNIAIIOXI SVIRY [
hzuzﬂzmum S SYIAL3H SIHILIT 3DYNIVYL —— e -
007E N cj
[ R __AOSND - /\ . FINIS e
e[ [+ %) FeNolid N - MOETND AYOHUYY —-b b

_ AONOS
|
]

ALd3d0dd ¢
304/731H334 |
0l avoy ss320v!

(000613 7 00002N)

AINAVH AJAANS
LN3NVHY3d

n

!

(GPEG'L6BBIA ¥ LESI'6E66IN)
ADIYYH ATAYNS /r..l\

LN3NVHY3d

2¥dSM

41



'saulisping 300 oYy peadX3 YdiyMm svady--2i Uoi3v307 112 FadNDId

gggnuwuxuﬁgm

gr SYI3K
——

CCINDONVEY) QVOHTIVY gy .

ONOd
\ MET'IET o
l_.ln\ Acasal [ <
: .W.:
SR
0L 309 308 207 208 203 301 )50
| (ELEVLYEBTI 1 BO6TYOLEND (9LBTEGDBIY ¥ ELETCILEIN
| LH3NVIAad ANINYRI3d
| ErdSA



‘ssunaping 9OQ B
P382X7 UDIYM Svady 320Q Bup0oT-—gi UOILD0T 22 FYNIIJ

avouvy e b=

3v3s 01 LON

(€92L°042413 % 0.85'vB88BIND

AIANYVH AJAANS
IN3INVHY3d

|
'

x
o
—
r
A
)
pigd
=)
4%
n

€28 dQvOanivy

9ELSMA

43



Seunseping JOd 8yl SPasdxI] yYdiym
0ody JuUsuasoy aboulouq 1503ULNOS -y i UOIL VD07 €2 JyNYI

'SHNVL JJOHWI WO¥4 ONIQY3T
(Y3L3WVIQ HI 028~) 3dld INIHIIT UNNDYVAIUNN

(6009'€89023 7 BIPS PEEGIN)

AT 4INIVH AIANNS

LN3NVHY3d S33L3M

S

0

001

UGN desErsE02I 1 veszasesing
NG AINIYH AIAYNS
ININVHY3d

44



'Seuljeping IO SP8edx3 YDIYM 1ld 910UI4F0Y BU} Wody
U221q 8Boutoug ayy Buoly VaUY—-C# U0ILOD0T 2 TYNDIJ

NI e — — — ﬁ
AL¥3d40dd ,
30a/731H334 37Y3s 0L LON N
ANITI3ON34

_ (9681'019813 0
T YIYSL2L12N) /&
_ AINYYW ATANNS 7
< IN3NVHY3d Re
< 2
£ ;
| |=
N (L09LE0BL3
| B % 2665°E2122N)
YINYYW AIANNS
_ LN3NVHY3d
3IN34 ¥3LIRINId
ONY
W avod ol
\ v
\
\
6ELSA



_ 'SeunspINg I0Q0 SPaadXI YdIyM Yo
mmogoé?oa;m[&mi@cozomé{@xco:ﬁouolfmm m_%uE

A0NIS -

_ 37VISs OL 1ON

(E190°000613 \
T 922F'GIEEEN) [

ADRYH ATANNS

LN3NYHY3d N
AL¥Id0¥
B04/TIHOI e \ -
- .
_ Heve/ .
— \N%
X _ O.an\ﬂ
_ “Jev e
T E e
h. . — O 3 rZ\wz
e —— e —— — ——— —— 'I\

46

IrdSm



TABLE la

BACKGROUND EXPOSURE RATES AND
RADIONUCLIDE CONCENTRATIONS IN BASELINE SOIL SAMPLES
WELDON SPRING, MISSOURI

Location® Exposure Rateb Radionuclide Concentratioas (pCi/g)
(uR/h) Ra-226 U-238 Th-232
1 7 0.89 + 0.13€ <0.86 1.48 + 0.21
2 7 0.55 ¥ 0.13 <0.68 0.97 + 0.17
3 5 0.71 + 0.08 1.33 + 0.74 1.19 + 0.22
4 7 0.98 + 0.15 0.87 + 0.69 0.95 + 0.26
5 8 0.92 ¥ 0.12 1.52 ¥ 0.83 1.48 ¥ 0.28
6 7 0.69 idO.lS 1.62 + 0.99 1.36 + 0.32
7 6 - = -

4Refer to Figure 6. )

bMeasured at 1 m above the surface.

CErrors are 2¢ based on counting statistics.
dpash indicates no sample collecteda
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TABLE 1B

RADIONUCLLDE CONCENTRATIONS IN BASELINE SEDIMENT SAMPLES

WELDON SPRING, MISSOURI

Location?® Radionuclide Concentrations (pCi/g)
Ra-226 U-238 Th-232
2 0.73 + 0.15b <0.83 1.02 + 0.19
3 0.35 + 0.06 0.50 + 0.31 0.26 + 0.07
4 0.92 + 0.12 1.38 + 0.93 0.89 + 0.20
6 0.62 + 0.09 <0.60 0.87 + 0.13
7 0.91 ¥ 0.09 1.44 + 0.39 1.02 ¥ 0.18

dRefer to Figure 6.
bErrors are 20 based on

counting statistics.
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TABLE 1C

RADLONUCLILDE CONCENTRATUONS IN BASELINE WATER SAMPLES

'. WELDON SPRING, MLSSOURL
Locationd Radionuclide Concentratioans (pCi/l)

Gross Alpha Gross Beta
2 0.86 + 0.53P 3.68 + 0.95
3 1.05 ¥ 0.54 4.61 * 0.99
4 3.19 ¥ 0.96 7.39 ¥ 1.13
5 0.48 + 0.44 3.75 + 0.94
6 1.02 ¥ 0.53 3.50 + 0.94
7 4.09 ¥ 1.06 6.71 + 1.11

dRefer to Figure 6.
bErrors are 20 based on counting statistics.
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TABLE 2

DIRECT RADIATION LEVELS MEASURED AT SOIL SAMPLE LOCATIONS
RAILROAD #1
WELDON SPRING, MISSOURI

Location® Gamma Exposure Rates Gamma Exposure Rates
{m) at 1 m Above the Surface at the Surface
(pR/ 1) (pR/ k)
Main Line
(#1) 0 C 8 8
100 L 7 7
200 R 7 7
300 L 7 7
400 L 7 7
500 R 7 7
600 C 7 7
700 L 8 8
800 R 7 7
%00 C 6 6
#1A 0 L 6 6
100 R 7 6
200 C 6 6
300 L 6 6
350 R 6 6
#1B 0 C 6 6
100 R 6 6
127 L 6 6
#1C 0 L 6 6
100 R 6 6
200 L 6 6
300 R 6 6
Switchyard
(Spurs) 100 R 6 6
200 L 6 6
300 R 6 6
400 L 6 6
500 R 6 6
524 L 6 6

"Refer to Figure 7.
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TABLE 3

DIRECT RADIATION LEVELS MEASURED AT SOIL SAMPLE LOCATIONS
RATLROAD #2

WELDON SPRING,

MISSGURI

. a
Location

(m)

Gamma Exposure Rates
at 1 m Above the Surface

Gamma Exposure Rates
at the Surface

(pR/h) (uR/ k)
Main Line

(#2) 100 L 7 8
200 C 6 6

300 R 7 1

400 L 6 6

500 L 6 6

600 R 6 6

630 C 6 6

#2A 0 C 6 6
100 2L 6 7

200 R 6 6

300 C 7 6

#2B 0 R 6 6
100 L 6 6

#27 0 L S 11
0 R 8 8

50 L 9 13

56 R 8 9

100 L 8 10

100 R 7 6

150 L 8 9

150 R 8 8

200 L 7 8

200 R 8 9

207 L 7 7

207 R 7 8

®Refer to Figure 7.
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TABLE 4

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOLL SAMPLES
COLLECTED AT 100 M INTERVALS - RAILROAD #1
WELDON SPRING, MISSOURI

Location? Radionuclide Concentrations (pCi/g)
Ra-226 U-238 Th-232
Mainline
0, C 1.34 + 0.34b 8.22 + 3.16 1.27 + 0.58
100, L 0.91 + 0.32 <0.65 <0.20
200, R 0.95 + 0.36 1.12 + 1.30 <0.18
300, L 0.50 + 0.31 1.33 + 1.54 €0.15
400, L 0.83 + 0.20 <0.70 0.28 + 0.27
500, R 0.77 + 0.29 <0.87 1.10 + 0.50
600, C 0.74 + 0.33 <0.79 <0.23
700, L 0.92 + 0.21 2.28 + 1.93 1.14 + 0.35
800, R 0.50 ¥ 0.29 1.27 + 1.97 <0.19
900, C 0.88 + 0.32 1.12 + 1.40 <0.13
Railroad #lA
0, L 0.97 + 0.28b <0.75 <0.20
100, R 0.76 + 0.41 <0.68 <0.20
200, ¢ 0.81 + 0.27 <0.58 <0.22
300, L 0.66 + 0.32 1.19 + 1.32 <0.16
350, R 1.45 + 0.31 <0.62 <0.20
Railroad #1B
0, C 0.29 + 0.21b <0.57 0.27 + 0.20
100, R 0.41 + 0.27 0.82 + 1.52 <0.18
127, L 0.91 + 0.31 <0.67 <0.11
Railroad #1C
0, L 0.46 + 0.22b <0.62 <0.16
100, R 0.34 + 0.15 <0.41 0.24 + 0.17
200, L 0.57 + 0.23 <0.66 <0.16
300, R 1.58 + 1.82 1.4 + 0.81 <0.21
Switchyard Spur A
© 100, R 1.0.83 + 0.28b <0.73 0.50 + 0.28
200, L 1 0.77 + 0.41 1.38 + 1.45 <0.19
300, R 0.77 + 0.30 <0.72 <0.18
400, L 0.93 + 0.29 1.72 + 1.29 <0.18
500, R 0.88 + 0.28 <0.67 <0.43
524, L 0.75 + 0.46 <0.64 <0.28
Switchyard Spur B
100, R 0.97 + 0.37b 0.92 + 1.53 <0.21
200, L 1.09 + 0.35 1.60 + 1.39 <0.18
300, R 1.06 + 0.37 1.78 ¥ 1.57 <0.17
400, L 0.84 ¥ 0.28 <0778 <0.21



TABLE 4 (Continued)

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES
. COLLECTED AT 100 M INTERVALS — RAILROAD #1
. WELDON SPRING, MISSOURI

Location Radiounuclide Concentrations (pCi/g)
Ra—226 U-238 Th-232
Switchyard Spur C
100, R 0.75 + 0.31P <0.68 <0.21
200, L 0.57 + 0.29 <0.67 <0.19
300, R 0.53 + 0.20 1.49 + 0.93 <0.23
400, L 0.87 + 0.34 1.79 + 1.20 <0.24
Switchyard Spur D
100, R 0.76 + 0.41D
200, L 0.48 + 0.39 <0.76 <0.23
300, R 0.54 + 0.21 1.04 + 1.54 <0.16
400, L 0.58 + 0.29 <0.67 <0.19
Switchyard Spur E
100, R 0.96 + 0.30P <0.76 <0.23
200, L 0.66 + 0.27 1.28 + 0.90 0.48 + 0.45
300, R 0.83 + 0.27 <0.72 <0.18
0.91 + 0.28 1.63 + 1.30 <0.21

‘ _ 400, L

dRefer to Figure 7.

DErrors are 20 based on counting statistics.
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TABLE 5

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES
COLLECTED AT 100 M INTERVALS - RAILROAD #2
WELDON SPRING, MISSOURL

Locationd

Radionuclide Concentrations (pCi/g)

Ra-226 U-233 Th-232
Mainline
100, L 1.16 + 0.33b <1.03 L.51 + 0.45
200, C 0.46 + 0.26 <0.76 <0.11
300, R 0.93 + 0.24 1.51 + 1.99 0.62 + 0.28
400, L 0.44 + 0.17 1.62 + 1.64 0.40 + 0.33
500, L 0.78 + 0.22 1.48 + 1.17 <0.18
600, R 0.54 + 0.20 2.04 + 2.05 <0.21
630, C 0.52 + 0.21 1.19 + 1.40 <0.16
Railroad #24
0, C 0.90 + 0.26b 1.37 + 1.81 0.32 + 0.26
100, 2L 0.39 + 0.16 3.95 + 1.84 0.76 + 0.32
200, R 0.36 + 0.31 <0.93 0.59 * 0.32
300, ¢ 0.39 + 0.35 <1.09 1.41 + 0.52
Railroad #2B
0, R 0.69 + 0.21b 2.64 + 0.91 0.50 + 0.24
100, L . 0.26 + 0.14 <0.61 <0.13
Railroad #2'
0, L 0.74 + 0.28 108+ 7 1.10 + 0.39
0, R 1.30 + 0.27 <0.98 2.20 + 0.48
50, L 1.16 + 0.26 143 + 50 1.39 + 0.47
50, R 0.68 + 0.30 3.66 + 2.29 1.14 + 0.41
100, L 0.70 + 0.19 <2.11 1.18 + 0.48
100, R 0.43 + 0.23 <0.52 <0.11
150, L 0.64 + 0.28 28.2 + 2.9 1.12 + 0.51
150, R 0.90 + 0.19 8.37 + 1.53 1.07 + 0.47
200, L 0.51 ¥ 0.21 0.98 + 1.55 1.01 + 0.66
200, R 1.02 + 0.28 16.5 + 3.3 2.02 + 0.55
207, L 0.83 ¥ 0.27 8.23 + 2.70 1.12 ¥ 0.52
207, R 0.77 + 0.30 10.7 + 3.7 1.69 + 0.52

dRefer to Figure 7.
bErrocs are 2¢ based on

counting statistics.
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TABLE 6

DIRECT RADIATION LEVELS MEASURED AT SOIL SAMPLE LOCATIONS

ROAD #1
WELDON SPRING,

MISSOURI

(m)

. &
Location

Gamms Exposure Rates
at 1 m Above the Surface

(uR/ 1)

Gamma Exposure Rates
at the Surface
(uR/h)

100

200

300

400

500

600

700

800

$00
1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000
2100
2200
2300
2400
2500
2600
2700
2800
2900
3000
3100
3200
3300
3400
3500
3600
3700
3800
3900
4000
4100

iR
1L
iR
1L
iR
1L
iR
1L
iR
1L
iR
1L
iR
1L
1R
1L
1R
1L
iR
1L
iR
iR
1L
1L
iL
iR
1L
iR
1L
1R
1L
iR
1L
1R
iL
1R
1L
iR
1L
iR
iL
iR

B B I L B N B - WS IS IS BN BN Y- SO BES BEN B CRES BEN BES A BN B RPN RS Y. N - WD B~ NEN PG PRE BPNE Y I B O I - |
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TABLE 6 (Continued)

DIRECT RADIATION LEVELS MEASURED AT SOIL SAMPLE LOCATIONS

ROAD #1
WELDON SPRING, MISSOURI

(m)

Location

Gamma Exposure Rates
at 1 m Above the Surface

(pR/ 1)

Gamma Exposure Rates.
at the Surface
(uR/1h)

4200
4300
4400
4500
4600
4700
4800
4500
5000
5100
5200
5300
5400
5500
5600
5700
5800
5900
6000
6100
6200
6300
6400
6500
6600
6700
6800
6900
7000
7100
7200
7300
7400
7500
7600
7700
7800
7900
8000
8100
8200
8300
8400

1L
1R
1L
1R
1L
1R
iL
1R
1L
iR
1L
1R
1L
iR
1L
1R
1L
1R
1L
1R
1L
1R
iL
1R
iL
1R
1L
iR
1L
iR

~1L
1R
“1L

1R
1L
1R
1L
iR
1L
iR
1L
iR
1L

L e S B B B B B < N~ S S B B I S BN B NS B BCS BN N N B S s B I IC B N~ NS IS IR B D Y- S o S B S S |
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TABLE 6 (Continued)

DIRECT RADIATION LEVELS MEASURED AT SOIL SAMPLE LOCATIONS

ROAD #1
WELDON SPRING, MISSOURI

(m)

Location

Gamma Exposure Rates
at 1 m Above the Surface

(uR/h)

Gamma Exposure Rates
at the Surfacs
(uR/1h)

8500
8600
8700
8800
8900
9000
9100
9200
9300
9400
9500
9600
9700
9800
9500
10000
10100
10200
10300
10400
10500
10600
10700
10800
10900
11000
11100
11200
11300

11400
11500

11600
11700
11800
11900
12000
12100
12200
12300
12400
12500
12600
12700

1R
1L
iR
1L
iR
1L
iR
iL
1R
iL
iR
1L
iR
iL
1R
iL
1R
iL
iR
1L
1R
1L
iR
iL
iR
1L
1R
1L
iR
iL
iR
iL
iR
iL
iR
1L
1R
iL
iR
1L
1R
1L
iR

RS EES AR B B B EE BE S BER BES BN BES BES EE BES BE BN BES BN - NS BEN BEN RS EN SES S BEN IEN JE IR RN Y. NY. PN RPN RV RPNC SN RV RN |
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TABLE 6 (Continued)

DIRECT RADIATION LEVELS MEASURED AT SOIL SAMPLE LOCATIONS

ROAD #1
."l' WELDON SPRING, MISSOURI
- Location " Gamma Exposure Rates Gamma Exposure Rates
‘ (m) at 1 m Above the Surface at the Surface
(uR/ 1) (uR/h)
12800 1L 7 7
12900 1R 7 8
13000 1L 8 8
13100 1R 7 8
13200 1L 8 8
13300 1R 7 7
13400 1L 7 7
13500 1R 7 7
13600 1L 8 8
13700 1R 7 7
13800 1L 7 8
13900 1R . 8 7
14000 1L 7 7
14100 1R 9 8
14200 1L 7 6

' *Refer to Figure 8.



TABLE 7

DIRECT RADIATION LEVELS MEASURED AT SOIL SAMPLE LOCATIONS

ROAD #2
'. WELDON SPRING, MISSOURI
Location®” Gamma Exposure Rates Gamma Exposure Rates
(m) at 1 m Above the Surface at the Surface
(pR/ 1) (uR/h)
0 7 7
100 5 6
200 7 7
300 7 7
400 7 7
500 6 7
600 7 8
700 8 8
800 7 8
900 7 7
1000 7 8
1100 7 8
1200 7 7
1300 7 7
1400 6 7
1500 7 7
1600 7 7
1700 7 8
1800 8 8
1900 7 7
2000 7 7
2100 7 7
2200 1 7
2300 7 8
2400 7 7
2500 7 7
2600 7 8
2700 8 9
2800 8 8
2900 7 8
3000 7 8
3100 8 8
3200 7 7

"Refer to Figure 8.

59



TABLE 8

DIRECT RADIATION LEVELS MEASURED AT SOIL SAMPLE LOCATIONS

ROAD #3
WELDON SPRING,

MISSOURI

. a
Location

(m)

Gamma Exposure Rates
at 1 m Above the Surface

(pR/ 1)

Gamma Exposure Rates
at the Surface
(uR/h)

0
100
200
300
400
500
600
700
800
900

1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000
2100
2200
2300
2400
2500
2600
2700
2800
2500
- 3000
3100
3200
3300
3400
3500
3600
3700

1L
1R
1L
iR
1L
iR
1L
1R
iL
iR
1L
1R
iL
iR
1L
1R
iL
iR
iL
iR
iL
iR
1L
iR
1L
1R
1L
iR
1L
1R
1L
iR
1L
iR
1L
1L
1R
iL

AT AN AT NI NI TN ANTATA N TTRAONRN DTN O N

AN T AN O TITARTADT I I T ONAAONRNRNRN RN~~~

®Refer to Figure 9.
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TABLE 9

DIRECT RADIATION LEVELS MEASURED AT SOIL SAMPLE LOCATIONS
ROAD #4
WELDON SPRING,

MISSOURI

., a
Location

Gamma Exposure Rates

Gamma Exposure Rates

(m) at 1 m Above the Surface at the Surface
(uR/B) (pR/n)

0 1R 7 7
100 .5L 7 7
200 .5R 7 7
300 .5L 7 7
400 .5R 7 7
500 5L 7 7
600 1R 6 6
700 1L 6 7
717 1R 6 6

a'Refe.:: to Figure 9.
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TABLE 10

DIRECT RADIATION LEVELS MEASURED AT SOIL SAMPLE LOCATIONS

ROAD #5
WELDON SPRING, MISSOURI

. a
Location

(m)

Gamma Exposure Rates
at 1 m Above the Surface

(¢R/h)

Gamma Exposure Rates
at the Surface
(pR/ h)

0
100
200
300
400
500
600
700
800
900

1000
1100
1200
1300
1400
15060
1600
1700
1800
1500

iR
iL
iR
1L
1R
1L
iR
iL
iR
1L
iR
1L
iR
1L
1R
iR
1L
iR
1L
iR

I B B B R B - NN B B BN BCN BES BES BES BEN B W~ PN |

L LS - N B I B - N - NS BN B N R R N R K - W - W |

®Refer to Figunre 9.
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TABLE 27

RADIONUCLIDE CONCENTRATIONS IN H,0 SAMPLES
COLLECTED FROM BOREHOLES
WELDON SPRING, MISSOURIL

Borehole?d - Radionuclide Concentrations (pCi/l)
No. Gross Alpha Gross Beta
68 9.10 + 1.65P 17.3 + 1.6
73 0.60 + 0.78 2.50 + 1.09
74 4.85 + 1.87 9.67 ¥ 1.76
77 4,75 + 1.42 5.55 + 1.25
82 2.05 + 1.45 11.9 *+ 1.5

4 Refer to Figure 3.
b Errors are 2g based on counting statistics.
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TABLE 29

DIRECT RADIATION MEASUREMENTS AT GRID LINE INTERSECTIONS
LOCATION #1
WELDON SPRING, MISSOURI

Grig? Gamma Exposure Gamma Exposure Be ta—-Gamma
Location Rates at 1 m Above Rates at the Dose Rates at 1 cm
(m) the Surfacs Surface Above the Surface
(uR/1) (pR/h) {(prad/h)
ON oW 11 9 13
ON 10% 20 8 8
ON 20V 9 6 6
ON 30% 8 7 7
ON 40V 9 9 9
ON 50V 9 9 35
IN 10W b 33 21 1280
2N 20¥W b 14 8 11
5N 30w b 9 8 8
6N 40% b 8 7 26
9N 50W b 7 7 18
10N 1E 11 11 98
10N ow 13 9 55
10N 10VW 52 56 1010
10N 20W 42 43 880
10N 30W 15 20 360
10N  40V¥ 9 -9 9
10N  50W 7 7 7
10N 90V 8 ) 8 21
10N 130W 6 7 . 21
20N ow 9 8 48
20N 10W 22 26 720
20N 20V 38 4Q 1200
20N 30W 20 12 12
20N 40V 12 9 9
20N 50V 11 9 29
25N S0¥W b 7 6 12
30N oW 8 8 22
30N 10V 5 11 9 34
30N 20W Ja 17 22 510
30N 30% T 22 17 77
30N 40V : 11 9 26
30N 50w 9 9 10
40N oW 8 8 15
40N 10V 9 9 16
40N 20V 11 9 45
40N 30V 13 16 320
40N 40W 13 15 220
40N  50W 9 9 33
40N 130VW 6 6 18
50N oW 7 7 27
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TABLE 29 (Continpued)

DIRECT RADIATION MEASUREMENTS AT GRID LINE INTERSECTIONS
LOCATION #1
WELDON SPRING, MISSOURI

Grid Gamma Exposure Gamma Exposure Beta—Gamma
Location Rates at 1 m Above Rates at the Dose Rates at 1 cm
(m) the Surface Surface Above the Surface
(uR/h) (uR/1h) - (urad/h)
50N 10w 9 9 25
50N 20VW 9 9 19
50N 30w 9 9 29
50N 40V 11 11 69
50N 50W 9 8 18
SO0N S0V 7 7 23
50N 130W 7 7 37
50N 150V 6 6 6
50N 160W 7 7 9
S5TN 170¥ b 6 6 6
70N ow 4 4 4
70N 1¥ b 8 8 9
70N 10V 8 9 44
70N 20V 9 9 33
70N 30V 9 9 14
70N 40V 9 9 16
70N 50V 9 9 40
TIN 195¥W b 7 7 7
90N oW 4 4 4
90N 6W b 8 9 13
90N 10w 8 8 15
90N 20V 9 9 17
90N 30VW 9 9 9
90N 40V 9 9 15
SON 50W -9 8 11
SON 90V 7 7 10
90N 130W 7 7 10
90N 170V 7 8 20
90N . 187W b 7 1 14
95N 10W b 8 8 8
102N 170W b 8 8 8
106N 20W b 8 9 23
110N 30V 8 8 8
110N 40V 8 9 20
110N 50W 8 8 21
118N 30¥W b 9 9 26
130N 40W 8 8 18
130N 50W 8 8 24
130N SO0W 7 7 7
130N 130W 7 8 9
130N 140W 7 7 22
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TABLE 29 (Continued)

DIRECT RADIATION MEASUREMENTS AT GRID LINE INTERSECTIONS

l' ‘ LOCATION #1
WELDON SPRING, MISSOURI

Grid Gamma Exposure Gamma Exposure Beta—Gamma

Location Rates at 1 m Above Rates at the Dose Rates at 1 cm
(m) the Surface Surface Above the Surface
(#R/1h) (uR/ 1) (prad/h)
139N 130W b 7 7 20
142N 50¥ b 8 8 20
170N S0V 7 7 10

%Refer to Figure 12.
Measurement taken at fenceline.
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{ TABLE 30
, ‘ DIRECT RADIATION LEVELS AT LOCATIONS OF ELEVATED SURFACE READINGS
LOCATION #1
WELDON SPRING, MISSOURI

Grid Location® Exposure Rate (uR/}h) Surface Dose Rate Contact Exposureb

Contact 1 m Above Surface (prad/h) " Rate After Sample
Removal (pR/H)
ON 8E 17 7 610 21
ON 50E 15 8 240 17
2N 8V 82 48 3070 93
2N 14W 410 46 55660 540
4N 9V 150 51 5370 130
6N 5w 200 37 26400 93
8N 14V 2660 ¢ 59 3120 2660 ¢
8N 18w 160 42 5350 130
9N 17V 190 43 27790 70
11N 4¥ 82 48 14380 190
11N 11V 130 53 199500 120
12N 14% 93 40 16830 70
13N 7V 120 42 9780 93
.. 13N 19¥ 420 34 58850 100
18N 2 44 15 1130 35
18N 17VW 170 37 34120 82
19N 52W 39 14 1180 -
20N 25W 59 42 2300 15
21N 14W 42 30 1810 39
23N 10V 160 15 3480 93
26N  26W 240 37 60460 130
27N 41V 70 20 1750 130

*Refer to Figure 13.

Radionuclide comcentratioms in samples are presented in Table 33.
Observations exceed instrument capability. 1.7 Kg. slag sample collected
at this locat1on contained a total U-238 activity of 31 mC:.. :

dNo sample collected. o



TABLE 31

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES
COLLECTED FROM GRID POINT INTERVALS
LOCATION #1
WELDON SPRING, MISSOURI

Grid?@ . Radionuclide Coucentrations (pCi/g)
Location Ra—226 U-238 Th-232
N W )

0, O 0.92 + 0.24b 15.2 + 2.8 0.31 + 0.38
0, 10 0.44 + 0.14 6.07 + 1.61 0.26 + 0.33
0, 20 0.42 + 0.14 1.37 + 0.69 0.25 + Q.15
0, 30 0.71 + 0.27 1.48 + 1.25 <0.14
0, 40 2.27 + 0.48 3.16 + 2.43 2.16 + 0.63
0, 50 1.03 + 0.28 9.22 + 3.09 1.12 + 0.65
1, 10¢ 6.48 + 0.62 668 + 7 2.45 + 0.63
2, 20¢ 0.71 + 0.26 6.42 + 1.83 0.13 + 0.14
5, 30¢ 0.53 + 0.17 1.25 + 1.30 <0.10

6, &40¢ 0.60 + 0.15 0.86 + 0.59 0.40 + 0.20
9, 50¢ 0.85 + 0.20 2.07 + 0.80 0.70 + 0.29
10, 0 1.71 + 0.30 83.4 + 2.5 0.72 + 0.27
10, 10 4.93 + 0.70 1,100 + 16 1.01 + 0.73
10, 20 18.1 + 1.0 694 + 11 4.82 + 0.93
10, 30 1.08 + 0.33 198 + 4 1.18 + 0.42
10, 40 1.27 + 0.40 <l1.24 1.52 + 0.67
10, 50 1.14 + 0.24 1.79 + 0.84 0.68 + 0.42
10, 90 0.85 + 0.29 0.92 + 1.48 1.34 + 0.58
10, 130 0.64 + 0.20 1.06 + 1.17 0.82 + 0.32
20, 0 1.05 + 0.26 9.18 + 2.42 0.55 + 0.33
20, 10 1.74 + 0.44 4.15 + 9 1.48 + 0.61

20, 20 2.68 + 0.47 763 + 10 - 1.64 + 0.60
- 20, 30 0.96 + 0.32 11.8 + 2.8 0.88 + 0.55

20, 40 ; 1.21 + 0.30 7.62 + 3.35 0.97 + 0.41
20, 50 1.00 + 0.34 <1.17 1.27 + 0.51
25, 90¢ 0.43 + 0.17 <0.55 0.31 + 0.33
30, 0 0.81 + 0.21 6.96 + 2.35 0.53 + 0.27
30, 10 1.23 + 0.28 13.9 + 1.6 1.36 + 0.49
30, 20 1.4 + 0.45 386 + 13 0.79 + 0.56
30, 30 1.28 + 0.30 224 + 6 0.98 + 0.46
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TABLE 31 (Continued)

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES

LOCATTION #1
WELDON SPRING, MISSOURI

COLLECTED FROM GRID POINT INTERVALS

94

Grid Radionuclide Concentrations (pCi/g)
Location Ra-226 U-238 Th-232
N W '
30, 40 0.97 + 0.23 0.64 + 0.66 1.27 + 0.37
30, 50 1.12 + 0.28 2.92 + 2.43 1.25 + 0.47
40, O 0.84 + 0.21 0.60 + 0.51 0.62 + 0.42
40, 10 1.00 + 0.24 4.35 + 2.00 1.42 + 0.43
40, 20 1.05 + 0.34 21.6 + 3.5 1.12 + 0.46
40, 30 1.02 + 0.29 127+ S 0.91 * 0.55
40, 40 0.94 + 0.45 118+ 9 0.90 + 0.90
40, 50 1.23 + 0.28 2.37 + 0.96 1.45 + 0.39
40, 130¢ 0.59 + 0.23 0.88 + 1.49 0.48 + 0.35
50, O 0.83 + 0.26 3.71 + 1.89 0.46 + 0.44
50, 10 0.86 + 0.18 4.13 + 1.12 1.17 + 0.45
50, 20 1.26 + 0.25 4.32 + 0.80 1.146 + 0.54
50, 30 0.87 + 0.27 9.54 + 2.21 0.78 + 0.65
50, 40 0.90 + 0.28 44.9 + 3.7 0.96 + 0.58
50, 50 1.33 + 0.32 2.346 + 2.51 1.21 + 0.72
50, 90 1.02 + 0.24 2.26 + 0.65 1.01 + 0.34
50, 130 1.09 + 0.29 3.40 + 1.12 1.45 + 0.47
50, 150 0.76 + 0.22 7.48 + 2.26 0.30 + 0.23
50, 160 0.62 + 0.28 1.44 + 1.29 0.38 + 0.24
50, 170 0.85 ¥ 0.22 0.81 + 0.66 <0.13
70, 1¢ 0.90 + 0.22 3.90 + 1.22 0.71 + 0.27
70, 10 1.06 + 0.24 0.97 + 0.72 1.48 + 0.35
70, 20 1.28 ¥ 0.29 3.41 + 1.98 0.99 * 0.33
70, 30 0.92 + 0.27 2.18 + 1.05 1.28 + 0.39
--70, 40 0.89 + 0.33 2.47 + 0.78 0.90 + 0.40
70, 50 1.15 + 0.27 7.30 £ 2.30 1.39 + 0.52
71, 195¢ 0.65 + 0.22 1.78 + 1.29 <0.15
90, &€ 1.29 + 0.27 3.49 + 0.90 1.11 + 0.34
90, 10 0.83 + 0.34 2.26 + 2.96 1.30 + 0.58
90, 20 1.07 + 0.28 4.90 + 1.89 1.23 + 0.60
90, 30 0.88 + 0.23 1.45 + 1.79 1.08 + 0.38
90, 40 0.84 + 0.28 3.41 + 2.77 0.99 + 0.45
90, SO 1.13 + 0.22 3.73 ¥ 0.99 1.45 + 0.49
90, 90 0.69 + 0.29 4.15 + 1.54 0.98 + 0.65



TABLE 31 (Coatinued)

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOLL SAMPLES

COLLECTED FROM GRID POINT INTERVALS

LOCATION #1

WELDON SPRING, MISSOURL

Grid Radionuclide Concentrations (pCi/g)

Locatioun Ra-226 U-238 Th—-232

N W

90, 130 1.09 + 0.33 0.87 + 0.67 1.68 + 0.60
90, 170 0.86 + 0.27 1.56 + 0.69 1.50 + 0.56
90, 187¢ 0.90 + 0.26 2.31 + 0.96 1.42 + 0.49
94, 10¢ 1.17 + 0.29 <1.00 1.35 + 0.49
102, 70¢ 0.95 + 0.32 2.97 + 1.51 1.33 + 0.46
105, 20 1.07 + 0.22 5.14 + 0.94 0.92 + 0.65
110, 30 1.24 + 0.36 2.80 + 1.34 1.11 + 0.47
110, 40 1.13 + 0.29 <1.19 1.25 + 0.50
110, 50 0.43 + 0.34 6.05 + 0.28 1.62 + 0.62
120, 30 1.21 + 0.52 446 + 2.92 1.04 + 1.18
130, 40 1.10 + 0.27 2.70 + 0.79 1.43 + 0.55
130, 50 0.89 + 0.21 1.01 + 2.83 1.26 + 0.42
130, 90 1.20 ¥ 0.41 2.28 ¥ 2.43 1.24 ¥ 0.47
130, 130 1.04 ¥ 0.40 4.25 F 2.93 1.50 ¥ 0.65
136, 140 1.05 + 0.38 1.55 + 2.92 1.58 + 1.00
139, 130¢ 1.09 + 0.27 2.09 + 0.73 1.03 + 0.51
142, 50¢ 0.88 + 0.21 1.80 + 0.63 1.06 + 0.55
170, 90 1.02 + 0.24 2.07 + 1.47 1.31 + 0.40
170, 109¢ 1.21 ¥ 0.22 2.20 ¥ 1.97 1.57 ¥ 0.43
176,  90° 0.74 + 0.21 <0.564 0.35 + 0.22
176, 108¢ 1.19 + 0.30 2.48 + 1.20 1.40 + 0.50

2 Refer to Figure 12.
b Errors are 2¢ based on counting statistics.

C Samples collected at fenceline.
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TABLE 32

RADIONUCLIDE CONCENTRATIONS IN RANDOM SOIL SAMPLES
LOCATION #1

WELDON SPRING, MISSOURI

Grid? ‘Depth Radionuclide Concentrations (pCi/g)
Location (cm) Ra—-226 U--238 Th-232

N W
40, 10 0-15 1.00 + 0.24b 4.35 + 2.00 1.42 + 0.43
40, 10 60 1.22 + 0.24 1.17 + 2.68 0.84 + 0.53
40, 10 90 1.08 ¥ 0.22 1.49 ¥ 1.04 1.11 ¥ 0.63
50, 50 0-15 1.33 + 0.32 2.34 + 2.51 1.21 + 0.72
50, 50 60 1.17 + 0.23 1.96 + 0.89 l1.11 + 1.89
50, 50 80 0.96 ha 0.23 2.84 + 2.41 1.81 * 0.60
50, 90 0-15 1.02 + 0.24 2.26 + 0.65 1.01 + 0.34
50, 90 60 1.22 + 0.25 1.86 + 1.61 1.23 E 0.57
50, 90 90 1.33 + 0.24 1.45 + 0.94 1.40 + 0.50
70, 30 0-15 0.92 + 0.27 2.17 + 1.05 1.28 + 0.39
70, 30 60 0.99 + 0.24 <0.88 1.11 + 0.43
70, 30 90 1.18 + 0.34 1.91 + 2.35 0.79 + 0.57
130, 50 0-15 0.89 + 0.21 1.01 * 2.83 1.26 T 0.42
130, 50 60 0.95 + 0. 2.54 + 1.79 1.31 + 0.41

@ Refer to Figure 12.

b Errors are 2¢ based on counting statistics.
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RADTONUCLIDE CONCENTRATIONS IN SULL SAMPLES
FROM LOCATIONS IDENTIFIED BY THE WALKOVER SCAN - LOCATION #1

TABLE 33

WELDON SPRING, MISSOURI

97

Grid?d Depth Radionuclide Concentrations (pci/g)
Location (cm) Ra-226 U-238 Th~232
N 1°f .
2 8 0- 6 13.7 + 0.9 2,010 + 18 4.29 + 1.02
2 8 30 - 35 10.7 ¥ 1.1 818 ¥ 24 2.78 ¥ 1.28
2 14 0o - 6 12.5 + 12.7 29,530 + 220 <10.2
2 14 15 - 25 40.1 ¥ 1.3 2,630 T 10 6.85 + 1.54
2 14 30 - 35 1.1 ¥ 0.9 986  + 14 3.10 ¥ 0.88
2 14 60 - 75 8.04 + 0.70 1,360 + 10 2.36 + 1.10
2 14 90 - 110 2.38 + 0.46 332 + 7 1.93 + 0.51
4 9 0- 6 3.03 # 0.71 3,620 + 20 2.54 + 0.91
4 9 20 - 30 15.0 ¥ 0.9 1,430 ¥ 10 1.52 ¥ 0.96
4 9 60 - 75 1.15 + 0.22 77.1 + 3.3 1.47 + 0.38
4 9 90 - 105 0.70 + 0.20 36.0 * 1.8 1.09 + 0.40
6 5 0- 6 4.91 + 1.83 15,200 + 100 <1.34
8 14 0 - 15 <4.83 <133 <5.27
8 18 0- 6 10.8 + 1.7 666 + 11 450 + 6
9 17 0- 5 17.0 * 0.8 <25.0 _— 2.31 + 1.20
9 17 40 - 50 1.10 + 0.24 2.76 + 1.16 1.35 +0.39
9 17 95 ~ 100 7.50 + 0.90 17 .6 2.65 + 1.15%
11 4 0 - 10 2.62 + 0.63 1,460 + 20 1.35 + 0.76
11 4 10 - 15 <6.98 27,890 + 20 <7 .47
11 4 25 - 30 1.36 ha 0.33 131 hal 7 1.36 + 0.44
11 4 30 - 60 1.08 ¥ 0.32 82.3 ¥ 4.6 1.36 ¥ 0.53
¢
11 11 ~ 0 - 10 3.39 + 0.77 1,780 + 20 1.73 + 0.96
1l 1L 10 - 15 1.87 ¥ 0.42 608 ¥ 13 1.34 ¥ 0.81
11 11 30- - 35 1.26 + 0.27 57.0 + 3.2 1.48 + 0.43
12 14 0 - 7 7.28 + 0.87 <17.1 2.58 + 1.11
12 14 45 - 50 0.77 % 0.30 179+ 5 0.88 ¥ 0.42
12 14 90 - 95 1.31 ¥ 0.30 7.16 ¥ 1.36  1.12 ¥ 0.40
13 7 0 - 6 8.35 + 1.05 948 + 24 0.83 + 0.97
13 7 30 - 50 1.32 + 0.34 136 + 5 1.51 + 0.43
13 7 90 - 110 0.88 + 0.22 17.0 +  1.39 1.56 + 0.49



TABLE 33 (Continued)

RADIONUCLIDE CONCENTRATTONS IN SOIL SAMPLES
FROM LOCATIONS IDENTIFIED BY THE WALKOVER SCAN — LOCATION #1
WELDON SPRING, MISSOURI

Grid Degtﬁ: Radionuclide Concentrations (pCi/g)
Location (cm) Ra-226 U-238 Th~-232
N W
1319 0- 6 11.3 + 1.6 19,810 + 50 1.74 + 1.
13 19 60 - 75 1.63 ¥ 0.33 . 323 ¥ 6 1.16 ¥ 0.
13 19 90 - 110 2.49 + 0.34 128 + 7 1.33 + 0.
18 2 0 - 15 0.87 + 0.42 2,110 + 30 <0.46
18 17 0- 10 3.27 + 1.28 10,650  + 40 2.44 + 1.
18 17 60 - 80 1.04 ¥ 0.34 61.5 T 6.5 1.23 ¥ 0.
18 17 90 - 110 1.27 + 0.23 27.0 + 31.8 1.44 + 0.
19 52 0- 15 1.25 + 0.75 670  + 26 1.42 + 0.65
20 25 0- 15 1.22 + 0.58 735 + 24 0.98 + 1.21
20 25 65 - 70 1.08 ¥ 0.31 32.1 ¥ 3.1 1.49 ¥ 0.53
21 14 0 - 15 2.93 + 0.53 1,099 + 11 1.16 + 0.
21 14 60 - 75 48.4 + 4.5 1.79 + 0.
23 10 0 - 15 <1.13 14,260 + 50 <1.26
23 10 30 - 45 0.88 + 0.17 186 + 4 1.37 + 0.35
23 10 60 - 75 1.37 ¥ 0.29 13.4 + 3.3 1.17 ¥ 0.59
26 26 0 - 15 13.7 + 2.1 15,020 + 50 <1l.41
26 26 50 - 80 1.08 + 0.27 39.1 + 3.6 0.94 + 0.44
27 41 0- 15 2.66 + 1.01 792+ 28 1.36 + 1.3
27 41 40 - 55 1.30 + 0.26 130 + 4 1.23 + 0.4
N E
0, 8 0-10 1.24 + 0.56 551 + 10 1.01 + 0.
0, 8 0 -1 . 1.02 + 0.28 265 + 5 0.79 + 0.
0, 50 0~ 15 1.04 + 0.43 139+ 8 1.11 + 0.4
0, 50 30 - 40 1.28 + 0.29 7.06 + 1.34 1.10 + 0.3

4 Refer to Figure 13.
b Errors are 2g based oa counting statistics.

98




TABLE 34

RADTONUCLIDE CONCENTRATIONS IN H,0 SAMPLES
COLLECTED FROM DRAINAGE DITCH - LOCATION #1
WELDON SPRING, MISSOURI

Grid Location® Radionuclide Concentrations (pCi/l)
Gross Alpha Gross Beta
18N, S0W 3073+ 21b 4221 + 18¢
38N, 90w 0.90 + 0.56 6.43 +

3 Refer to Figure 12.

b Errors are 2¢ based on counting statistics.
€ Isotopic Uranium levels were:
U-238: 1699 + 29

U-235: 66 * 6
U-234: 1643  + 28
Ra-228: .20 ¥ .64
Ra-226: <.08
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TABLE 35

RADIONUCLIDE CONCENTRATIONS IN SEDIMENT SAMPLES
COLLECTED FROM DRAINAGE DITCHES - LOCATION #1
WELDON SPRING, MISSOURI

Grid?@ Radionuclide Concentrations (pCi/g)
Location Ra-226 U-238 Th—-232

N W
18, 43 0.95 + 0.460 781 + 13 1.43 + 0.57
65, 207 0.60 + 0.15 1.09 + 0.41 0.48 + 0.52
70, 170 0.96 + 0.23 1.76 + 1.70 11.40 + 0.62
169, 95 0.97 + 0.37 2.13 + 2.22 1.25 + 0.39
186, 90 1.27 + 0.27 1.43 + 1.96 1.32 + 0.47

4 Refer to Figure 12.

b Errors are 20 based on counting statistics.
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TABLE 36

DIRECT RADIATION LEVELS MEASURED AT GRID LINE INTERSECTIONS
~ LOCATION #2
WELDON SPRING, MISSOURI

Grid® Gamma Exposure Gamma Exposure Beta—Gamma
Location Rates at 1 m Above Rates at the Dose Rates at 1 cm
the Surface Surface Above the Surface

S E (pR/ 1) (pR/ k) (prad/h)

0 0 7 7 16

0 10 7 7 32

0 20 7 7 39

0 30 8 8 11

0 40 7 7 7

0 50 8 7 66

0 60 14 13 120

0 70 12 11 120

0 80 8 8 21

10 0 8 8 38

10 10 S 9 43

10 20 8 9 70

10 30 8 7 45

10 40 8 8 40

10 50 9 8 31

10 60 8 7 31

10 70 6 6 15

10 80 1 8 8

20 0 7 8 8

20 10 7 8 31

20 20 7 8 18

20 30 7 8 23

20 40 8 8 8

20 50 7 7 37

20 60 7 7 i

aRei:‘e:_:v; to Figure 14.
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TABLE 37

DIRECT RADIATION LEVELS AT LOCATIONS OF ELEVATED SURFACE READINGS
LOCATION #2
WELDON SPRING, MISSOURI

Grid Location™ Exposure Rate (uR/h) Surface Dose Rate Contact E:':.posu::eb

Contact 1 m Above Surface (prad/h) . Rate After Sample
Removal (pR/H)

43S 6E 93 12 93 15
4S5 59E 53 21 500 51
53 68E 150 20 4950 70
63 11E 26 14 400 35
1S 20E 17 8 130 16

*Refer to Figure 15. .
Radionucl ide concentrations in samples are presented in Table 39.




TABLE 38

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES
COLLECTED FROM 10 M GRID INTERVALS - LOCATION #2

WELDON SPRING, MISSOURI

Location? Radionuclide Councentrations (pCi/g)

S E Ra-226 U-238 Th-232

0 0 1.27 + 0.28D  4.81 + 1.67 1.05 + 0.42
0 10 0.80 + 0.22 3.56 + 2.21 1.08 + 0.41
0 20 0.91 + 0.25 7.15 + 1.28 0.49 * 0.23
0 30 1.03 + 0.25  11.7 + 2.8 1.16 + 0.55
0 40 1.00 ¥ 0.36  1l.4 + 3.2 1.13 + 0.43
0 50 0.64 + 0.22 3.29 + 1.99 <0.18

0 60 1.17 ¥ 0.25 7.98 1.02 + 0.48
0 7v 1.23 + 0.41  97.4 + 7.2 1.33 + 0.62
0 80 1.05 ¥ 0.32 8.31 + 2.12 1.06 ¥ 0.41
10 0 1.446 + 0.29 <1.39 1.27 + 0.40
10 10 1.52 ¥ 0.37  32.6 + 3.0 1.91 * 0.51
10 20 1.84 + 0.37  57.0 + 5.1 0.87 + 0.43
10 30 0.96 + 0.24 <2.08 0.87 + 0.34
10 40 1.31 + 0.34  33.1 + 4.6 1.22 + 0.54
10 50 1.77 + 0.32 30.9 + 4.2 1.80 + 0.49
10 60 1.72 + 0.33 <1.76 1.28 + 0.44
10 80 0.97 + 0.26 1.13 + 2.31 1.13 ¥ 0.41
10 70 0.92 + 0.20 1.19 + 0.20 0.40 + 0.45
20 0 1.13 + 0.26 3.92 + 1.19 1.34 + 0.52
20 10 0.97 ¥ 0.32 3.59 + 3.35 0.99 * 0.45
20 20 1.14 + 0.28 4.85 + 1.28 1.18 + 0.37
20 30 1.28 + 0.27 2.81 + 0.82 1.02 + 0.34
20 40 0.87 + 0.27 <1.04 1.23 + 0.41
20 50 1.14 + 0.24 <0.97 0.86 + 0.32
20 60 1.08 + 0.21 1.09 + 0.62 1.33 + 0.52

dRefer to Figure l4.
“bErrors are 2g based on

counting statistics.
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RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES
FROM LOCATIONS IDENTIFIED BY THE WALKOVER SCAN
LOCATION #2
WELDON SPRING, MISSOURI

TABLE 39

Location?®  Depth Radionuclide Concentrations (pCi/g)
" (cm) Ra—226 U-238 Th—232
43, 6E 0-15 38.8 +1.3° 34.6 + 4.7 1.28 + 0.93
4s, S9E 0 - 10 2.86 + 0.47 937 + 13 1.17 + 0.70
10 - 15 2.36 + 0.36 411  + 35 .25 + 0.46
15 - 30 2.23 ¥ 0.46 400 ¥ 10 1.79 ¥ 1.37
ss, 68E 0 - 10 3.72 + 1.76 1350 + 33 <1.23
15 - 30 5.06 ¥ 0.62 530 ¥ 12 2.28 + 0.83
6s, 11E 0 - 10 2.78 + 0.44 625 + 10 1.36 + 0.48
15 ~ 30 1.94 ¥ 0.42 310 * 5 1.19 ¥ 0.49
7s, 20E 0 - 10 1.62 + 0.338 160 + 6 1.15 + 0.46
7s, 20E 10 - 15 0.99 ¥ 0.29 <1794 0.88 ¥ 0.39
. 12s, 23w 0 - 8 6.16 + 0.55 390 + 10 0.47 + 0.51
8 - 16 2.78 * 0.36 74.6 ¥ 5.0 1.17 ¥ 0.33
158, 23 0 - 8  20.4 + 0.9 <2.16 1.60 + 0.73
8 - 16  36.2 * 1.3 60.2 + 5.0 <0.53
16 - 32 17.4 + 0.8 10.1 + 2.2 <0.31
32 - 46 20.8 * 0.9 32.4 ¥ 3.5 0.76 + 0.57

dRefer to Figure 15.

bErrors are 2¢ based oan counting statistics.
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TABLE 40

RADTONUCLIDE CONCENTRATIONS IN SOLL SAMPLES
FROM LOCATLONS [DENTIFIED BY THE WALKOVER SCAN -~ LOCATION #3
WELDON SPRING, MISSOURI

Locationa':Degth Radiouuclide Concentrations (pCi/g)
(cm) Ra-226 U-238 Th-232
455, 2R 0 = 7 3.14 + 0.68P 1683 + 20 ~ <0.40
455, 2R 7 - 15 1.34 + 0.58 2640 + 10 <0.42
455, 2R 15 - 30 0.82 i_O.&O 880 i'70 <0.23
455, 2R 30 - 45 0.92 + 0.29 436 + 15 <0.24
455, 2R 45 - 60 1.28 + 0.38 477 + 11 0.58 + 0.31
Top of 0 - 6 4.46 + 0.78 1042 + 20 <0.46

loading dock

ARefer to Figures l6.
bErrors are 2¢ based on counting statistics.

105



TABLE 41

DIRECT RADIATION LEVELS MEASURED AT SOIL SAMPLE LOCATIONS
S.E. DRAINAGE EASEMENT
WELDON SPRING, MISSQURI

Location® Gamma Exposure Rates Gamma Exposure Rates
(m) " at 1 m Above the Surface at the Surface
(pR/ 1) (uR/h)

0 1L 12 8
0 2L 8 7

10 C 29 120

100 1R 10 14

130 1L 10 : 44

190 4R 22 43

155 1L 14 25

200 2L 14 15

300 2R 14 16

305 1R 15 29

"Refer to Figure 17.
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TABLE 42

COLLECTED FROM 100 M INTERVALS ALONG THE SOUTHEAST DRAINAGE EASEMENT
WELDON SPRING, MISSOURIL

’ RADIONUCLIDE CONCENTRATIONS IN SURFACE SOLL AND SEDIMENT SAMPLES

Location? Radionuclide Councentrations (pCi/g)
: Ra-226 U-238 Th~-232

Soil

0, L 0.76 + 0.18D <0.76 0.43 + 0.18
100, R 5.51 + 0.45 1.26 + 3.03 1.66 + 0.54
200, 2L 2.93 ¥ 0.38  41.3 ¥ 4.1 0.87 ¥ 0.37
300, 2R 8.36 + 0.54 42.0 + 2.0 2.69 + 0.59
Sediment

0, C 6.57 + 0.59 39.7 +7.0 2.14 + 0.71
100, C 5.42 + 0.46 <1.56 2.18 + 0.48
200, C 4.34 ¥ 0.53  11.7 + 3.5 1.41 + 0.89

4 Refer to Figure 17.
. b Errors are 2¢ based on counting statistics.




TA

BLE 43

RADTONUCLLDE CONCENTRATIONS IN SOLL SAMPLES FROM
LOCATIONS IDENTLFIED IN THE WALKOVER SCAN - S.E.
WELDON SPRING, MISSOURI

DRAINAGE EASEMENT

Location? Depth Radionuclide Concentrations (pCi/g)
(cm) Ra-226 U-238 Th-232

Soil

oM, 2L 0-15 0.85 + 0.24b 4.20 + 2.26  0.82 + 0.44

oM, 2L 15-3C 1.02 + 0.23 2.19 + 1.37 1.05 + 0.35

oM, 2L 30-45 0.70 ¥ 0.19 1.52 % 0.52  0.98 ¥ 0.29

oM, 2L 45-60 0.81 + 0.23 2.10 + 0.14 0.99 + 0.1

oM, 2L 60-75 0.71 * 0.20 4,24 + 2.30 0.97 + 0.33
oM, C 0-15 170 + 2 300 + 6 13.6 + 1.91
10, C 15-30 210 + 3 1010 + 17 9.21 + 2.31
130M, L 0-15 37.5 + 1.6 231 + 9 69.1 i_30.4
130M, L 15-30 68.6 i_l.6 81.8 * 5.8 10.9 + 1.6
1304, L 30-60 32.5 ¥ 1.4 69.4 + 5.9 4.95 % 1.16
190M, 4R 0~15 59.0 + 1.6 601 + 11 1.33 + 0.98
190M, 4R 15-30 31.0 + 1.1 216 + 5 1.52 + 0.90

30-45
190M, 4R 45-60 4,07 + 0.46 181 + 6 0.88 * 0.46
1954, L 0-15 20.9 + 0.9 <3.92 1.28 + 0.83
1954, L 15-30 12.7 + 0.8 150 * 6 0.98 + 0.75
195M, L 30-45 3.04 * 0.44 190 * 6 1.03 + 0.65
1954, L 45-60 2.04 + 0.34 <3.77 1.08 + 0.40
305M, R 0-15 18.1 + 0.9 5.31 + 3.52 1.82 + 1.02
305M, R 15-30 27.2 + 1.2 66.5 + 5.2 8.15 + 1.43
305, R 45~60 6.87 + 0.47 25.1 + 2.2 1.16 + 0.49
4 Refer to Figure 17.
statistics.

b Errors are 20 based on counting
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TABLE 44

RADTONUCLINDE CONCENTRATIONS IN WATER SAMPLES
COLLECTED FROM THE SOUTHEAST DRAINAGE EASEMENT
WELDON SPRING, MISSOURI

Location? Radionuclide Concentrations (pCi/l)
Gross Alpha Gross Beta

Origin 147 + sb 44 + 2¢

Fenceline 159 + 5 39 + 2d

2 Refer to Figure 17.
b Errors are 20 based om counting statistics.

€ Isotopic Uranium, Radium, and Thorium levels werea:

U-238: 129+ 4
U-235: 4.95 E 0.78
U-234: 125  + 4
Ra-228: 2.06 + 0.53
Ra-226:  0.50 + 0.09
Th-232: 0.05 + 0.06
Th-230:  0.13 + 0.09
Th-228:  0.08 + 0.07
d Isotopic Uranium, Radium, and Thorium levels were:
U-238: 134  + 4
U-235: 4.76 + 0.79
U-234: 128  + 4
Ra-228: 1.94 + 0.47
Ra-226:  0.59 + 0.10
Th-232:  0.04 + 0.05
Th-230:  0.24 + 0.11
Th-228: 0.05 + 0.05
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TABLE 435

DIRECT RADIATION LEVELS MEASURED AT SOIL SAMPLE LOCATIONS
LOCATION #5 - DITCH FROM RAFFINATE PIT
WELDON SPRING, MISSOURI

Location® Gamma Exposure Rates Gamma Exposure Rates
(m) . at 1 m Above the Surface at the Surface
(pR/h) (uR/h)
0 C 6 6
100 2L 7 8
200 C 13 18
237 C 9 13

*Refer to Figure 18.
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TABLE 46

DIRECT RADIATION LEVELS AT LOCATIONS OF ELEVATED SURFACE READINGS
LOCATION #5 — DITCH FROM RAFFINATE PIT
WELDON SPRING, MISSOURI

Grid Location” Exposure Rate (pR/h) Contact Exposure Rateb
Contact 1 m Above Surface After Sample Removal
"(uR/h)
22 42 12 - ¢
115 2L 17 8 20
202 45 17 160

®Refer to Figure 18.
cRadionuclide concentrations of samples are presented in Table 48.
Dash indicates measurement not performed.
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TABLE 47

RADIONUCLIDE CONCENTRATIONS IN SEDIMENT SAMPLES
COLLECTED AT 100 M INTERVALS ALONG THE DITCH
FROM THE RAFFINATE PITS (LOCATION #5)
WELDON SPRING, MISSOURI

Location? Radionuclide Concentratioans (pCi/g)
Ra-226 U-238  Th-232
0, C 0.61 + 0.23>  1.25 + 1.50 0.61 + 0.47
100, 2L 1.18 + 0.25 <1.05 1.24 + 0.35
200, C 8.22 ¥ 0.60 6.00 + 1.16 1.21 ¥ 0.51
237, C 1.81 + 0.37 <1.10 0.87 + 0.36

32 Refer to Figure 18.
Errors are 20 based on

counting statistics.



RADIUNUCLIDE CONCENTRATTONS IN SEDIMENT

TABLE 48

COLLECTED FROM THE DITCH FROM THE RAFFINATE PIT (LOCATION #5)

WELDON SPRING, MISSOURI

Locationd Depth Radionuclide Concentrations (pCi/g)
(cm) Ra-226 U-238 Th-232
224, C 0- 6 27.3 +0.9® <1.10 0.62 + 0.94
115H, 2L 0-15 0.94 + 0.26 1.66 + 0.76 0.16 + 0.45
L15M, 2L 15-30 2.96 + 0.52 <l.34 1.32 + 0.73
115M, 2L 45-60 7.47 ¥ 0.53  1.60 + 1.33  1.20 ¥ 0.55
1154, 2L 60-75 2.31 + 0.32 2.06 + 2.09 1.32 + 0.44
202M, C 0-15 52.6 + 1.4 <1.78 1.32 + 0.69
202M, C 15-30 62.6 + 1.6 <3.42 <0.70
202M, C 45-60 26.7 + 1.0 <1.30 1.42 + 0.70

2 Refer to Figure 18.

b Errors are 2¢ based on counting
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TABLE 49

DIRECT RADIATION LEVELS AT LOCATIONS OF ELEVATED SURFACE READINGS
LOCATION #6
WELDON SPRING, MISSOURI

Grid Location® Exposure Rate (uR/h) Contact Exposure Rateb
Contact 1 m Above Surface After Sample Removal
(R/R)
95 1L 14 7 17
160 1L 15 8 14

*Refer to Figure 19.
Radionuclide concentrations of samples are presented in Table 50.
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RADTONUCLIDE CONCENTRATIONS IN SOIL FROM AREAS

TABLE 50

IDENTIFIED BY THE WALKOVER SCAN — DITCH #4, LOCATION #6

* WELDON SPRING, MISSOURI

Location? Depth Radionuclide Concentrations (pCi/g)
(m) ‘ (cm) Ra-226 U-238 Th~232
95 0-15 1.28 + 0.29 113 + 6 1.43 + 0.74
95 15-30 1.09 i_0.26 <3.38 l.54_i 0.45
95 45-60 0.84 ¥ 0.29 40 + 5 1.11 ¥ 0.41
160 0-15 1.60 + 0.38 123 + 80 1.56 + 0.72
160 15-30 1.09 + 0.28 91 + 7 0.78 + 0.53

4 Refer to Figure 19.
b Errors are 2¢ based on counting statistics.



[

TABLE 51

DIRECT RADIATION LEVELS AT LOCATIONS OF ELEVATED SURFACE READINGS
LOCATION #7
WELDON SPRING, MISSOURI

Grid Location” Exposure Rate (pR/h) Surface Dose Rate Contact le}':osm:eb
Contact 1 m Above Surface (prad/h) -Rate After Sample
Removal (pR/H)

1154 0.5R 120 14 190 200
1154 1.5R 290 17 500 150

®Refer to Figure 11.
Radionuclide concentrations in samples are presented in Table 52.
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TABLE 52

RADIONUCLIDE CONCENTRATIONS IN SOIL FROM AREA
IVENTIFIED IN WALKOVER SCAN OF ROAD #1 - LOCATION #7
WELDON SPRING, MISSOURL

Location? Depth Radionuclide Councentrations (pCi/g)
(cm) Ra-226 U-238 Th-232
1154, 0.5R 0- 5 12.0 + 1.0b <1.19 <0.22
1154, 0.5R 10 - 15 206 +3 <54.48 1.41 + 1.51
1154, 0.5R 30 - 35 1.73 + 0.41 0.53 + 1.13 1.24 + 1.19
1154, 0.5R 60 - 65 1.02 + 0.21 1.21 + 1.40 1.29 + 0.44
1154, 1.5R 0- 5 215 +3 <4.69 <1.05
1154, 1.5R 30 - 35 9.0 + 1.0 <0.73 0.82 + 0.42

dRefer to Figure 1ll.
bErrors are 2g based oun counting statistics.
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TABLE 53

TH-230 AND U—238 CONCENTRATIONS IN SELECTED SOILIL SAMPLES
WELDON SPRING, MISSOURI

Location Depth Radionuclide Concentrations (pCi/g)
U-233 Th-230

Location #1, 4N, 9W 0- 6 cm 3620 + 20 19.2 + 0.5
Location #1, 2N, 8W 0- 6 cm 2010 + 18 53.4 + 0.8
Location #1, ON, 8E 0-10 cm 551 + 10 2.07 + 0.17
10-15 cam 265 ¥ 5 1.39 ¥ 0.13
Location #4, 1290M 0-15 cm 123 + 80 2.52 + 0.18
Location #4, 1450M .0-15 cm 113 + 6 3.47 + 0.21
SEDE 195M, 1L 15-30 cm 150 + 6 11.5 + 0.38
195M, 1L 30-45 cm 190 + 6 4.15 + 0.21
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1. Title 40, Code of Federal Regulations, Part 141, Interim Primary Drinking

Water Standards, Federal Register, July 1976.




APPENDIX A

MATOR SAMPLING AND ANALYTICAL EQUIPMENT



TABLE 11

DIRECT RADIATION LEVELS MEASURED AT SOIL SAMPLE LOCATIONS
ROAD #6
WELDON SPRING, MISSGURI

Location® Gamma Exposare Rates Gamma Exposure Rates
(m) " at 1 m Above the Surface at the Surface
(pR/h) (uR/h)

0 R 5 5
i00 L 6 6
200 R 7 6
300 L 6 6
400 R 6 6
500 L 6 5
600 R 6 6
700 L 6 6
800 R 6 6
800 L 6 6
1000 R 6 5
1100 L 6 5
1200 R 6 6
1300 L 6 6
1400 R 6 5
1500 L 6 6
1600 R 6 5
1700 L 6 6
1800 R 6 5
1%00 L 6 5
2000 R 6 5
2100 L 6 5
2200 R 6 6
2300 L 5 5
2400 R 5 5
2500 L 6 6
2600 R 6 5

aRefe;_' to Fignre 10.
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TABLE 12

DIRECT RADIATION LEVELS MEASURED AT SOIL SAMPLE LOCATIONS

ROAD #7
WELDON SPRING, MISSOURI

. &
Location

(m)

Gamma Exposure Rates
at 1 m Above the Surface

Gamma Exposure Rates
at the Surface

(pR/ h) (uR/ 1)

0 1R 7 7
100 1L 8 8
200 1R 7 8
300 1L 7 7
400 1R 8 7
500 1L 7 8
600 1R 8 8
700 1L 7 7

_a'Refer to Figure 10.
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TABLE 13

RADIONUCLIDE CONCENTRATLIONS IN SURFACE SUIL SAMPLES

WELDON SPRING, MISSOURIL

COLLECTED AT 100 M INTERVALS ALONG ROAD #1

Location® Radionuclide Concentrations (pCi/g)

Ra-226 U-238 Th-232
0, R 1.32 + 2.19b 6.12 + 1.50 1.31 + 0.79
100, L 0.75 + 0.29 1.40 + 0.72 0.84 + 0.29
200, R 0.87 + 0.22 5.50 + 2.04 0.99 + 0.48
300, L 1.37 + 0.33 6.19 + 2.39 0.94 + 0.37
400, R 0.84 ¥ 0.22 0.31 ¥ 0.56 0.62 * 0.26
500, L 0.85 + 0.31 1.81 + 1.79 0.45 + 0.29
600, R 0.51 ¥ 0.21 <0.73 0.46 ¥ 0.37
700, L 0.62 + 0.17 1.17 + 0.53 0.43 + 0.21
800, R 0.75 ¥ 0.22 <0762 0.38 ¥ 0.54
900, L 0.65 + 0.20 <0.77 0.41 + 0.32

1000, R 0.34 ¥ 0.17 0.79 + 0.68 <0710
1100, L 1.20 + 0.29 2.77 + 1.29 1.47 + 0.56
1200, R 1.26 + 0.29 3.00 + 2.19 1.50 + 0.45
1300, L 0.69 + 0.53 1.04 + 0.71 0.25 + 0.18
1400, R 0.69 + 0.22 1.94 ¥ 1.54 0.60 + 0.42
1500, L 0.75 + 0.38 1.0 + 0.94 0.40 + 0.29
1600, R 0.78 + 0.24 1.56 + 0.82 0.53 + 0.54

1700, L 0.40 + 0.13 2.47 + 1.19 <0.09
1800, R 0.67 + 0.19 1.10 + 1.02 0.47 + 0.24
1900, L 0.64 + 0.21 0.82 + 0.69 0.37 + 0.17
2000, R 0.84 + 0.34 <0.66 0.45 + 0.27

2100, R 0.85 + 0.26 2.55 + 1.53 <0.30
2200, L 0.60 + 0.21 1.06 * 0.88 0.61 + 0.23
2300, R - 0.89 + 0.24 <0.88 1.23 + 0.52
2400, L 0.46 + 0.15 <0.52 0.50 ¥ 0.24
2500, R 0.73 + 0.16 2.26 + 0.57 0.47 + 0.22
2600, L 0.67 ¥ 0.18 <0.57 0.33 + 0.30
2700, R 0.91 + 0.26 1.29 + 1.20 0.80 + 0.31
2800, L 0.50 * 0.16 1.19 ¥ 0.79 0.37 ¥ 0.25
2800, L 0.53 + 0.16 1.03 + 0.58 0.19 + 0.15
2900, R 0.79 ¥ 0.27 <0.59 0.80 + 0.32
3000, L 0.82 + 0.26 2.46 + 1.68 1.06 + 0.36
3100, R ~. <0.18 <0.69 0.44 + 0.38
3200, L 0.53 + 0.16 1.25 + 0.56 0.73 + 0.13
3300, R 0.61 ¥ 0.17 0.41 ¥ 0.42 0.60 ¥ 0.3
3400, L 0.85 + 0.22 <0.70 0.46 + 0.23
3500, R 0.73 ¥ 0.17 1.54 + 1.22 0.48 ¥ 0.32
3600, L 0.99 + 0.23 1.50 + 0.67 0.64 + 0.40
3700, R 0.93 + 0.24 <0.86 0.71 + 0.27
3800, L 0.88 + 0.37 1.35 + 1.01 0.78 + 0.47
3900, R 0.84 + 0.28 1.10 + 1.69 0.51 + 0.48
4000, L 0.91 + 0.21 1.65 + 0.53 1.25 + 0.36
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TABLE 13 (Continued)

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES

WELDON SPRING, MISSOURI

COLLECTED AT 100 M INTERVALS ALONG ROAD #1

Location Radionuclide Concentrations (pCi/g)
Ra-226 U-238 Th-232
4100, R 0.70 + 0.16 0.52 + 1.41 0.51 + 0.25
4200, L 0.70 ¥ 0.19 1.01 + 1.10 0.52 + 0.30
4300, R 0.91 + 0.20 1.25 + 1.28 0.42 + 0.58
4400, L 0.76 + 0.22 1.05 + 0.93 1.11 + 0.40
4500, R 0.76 + 0.13 1.67 + 1.26 0.45 + 0.23
4600, L 0.59 ¥ 0.21 0.91 + 1.25 <0.15
4700, R 0.73 + 0.21 <0.70 0.58 + 0.40
4800, L 0.75 + 0.16 1.05 + 0.82 0.36 + 0.22
4900, R 0.56 + 0.24 <0.66 0.32 + 0.45
5000, L 0.64 + 0.22 <0.64 0.45 + 0.25
5100, R 0.46 + 0.16 0.50 + 0.85 0.36 + 0.21
5200, L 0.63 * 0.19 <0.70 <0.14
5300, R 0.72 + 0.18 0.95 + 1.16 <0.11
5400, L 0.67 + 0.16 0.65 + 0.77 0.27 + 0.18
5500, R 0.93 + 0.28 <0.73 0.66 + 0.33
5600, L 0.61 + 0.15 1.72 + 0.55 0.45 + 0.22
5700, R 0.63 + 0.18 0.84 + 0.60 0.42 ¥ 0.30
5800, L 0.74 + 0.21 <0.80 <0.16
5900, R 0.88 + 0.23 <0.72 0.60 + 0.35
6000, L 0.58 + 0.21 1.01 + 1.10 0.41 + 0.28
6100, R 0.80 + 0.27 1.82 + 1.67 0.65 + 0.37
6200, L 0.93 + 0.20 <0.79 <0.19
6300, R 0.67 + 0.18 1.57 + 0.61 0.40 + 0.55
6400, L 0.46 + 0.14 <0.48 <0.09
6500, R 0.47 + 0.15 <0.54 0.27 + 0.20
6600, L 0.91 + 0.21 0.88 + 0.52 0.06 + 0.07
6700, R 0.54 + 0.16 <0.37 <0.10
6800, L - 0.66 + 0.17 <0.45 <0.10
6900, R 0.61 + 0.15 0.75 + 0.62 0.25 + 0.15
7000, L 0.67 + 0.18 0.99 + 0.71 0.16 + 0.15
7100, R . 0.72 * 0.17 0.62 + 0.64 0.23 + 0.15
7200, L 0.48 + 0.15 0.52 + 0.84 0.31 + 0.14
7300, R 0.47 ¥ 0.23 <U.5¢4 0.25 ¥ 0.22
7400, L 0.67 + 0.13 0.65 + 0.49 0.34 + 0.17
7500, R 0.69 + 0.18 0.69 + 1.66 0.16 + 0.12
7600, L 0.49 ¥ 0.12 1.17 ¥ 0.34 <0.09
7700, R 0.43 + 0.17 0.93 + 1.08 <0.12
7800, L 0.64 + 0.20 0.61 + 1.81 0.59 + 0.22
7900, R 0.83 + 0.26 <0.64 0.21 + 0.24
8000, L 0.99 + 0.31 <0.72 <0.21
8100, R 0.87 + 0.23 <0.72 <0.18
8200, L 0.64 + 0.19 0.47 + 0.70 0.35 + 0.25
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TABLE 13 (Continued)

RADILONUCLIDE CONCENTRATLONS IN SURFACE SOIL SAMPLES
COLLECTED AT 100 M INTERVALS ALONG ROAD #1
WELDON SPRING, MISSOURI

67

Location Radionuclide Concentratious (pCi/g)

Ra—226 U-238 Th-232

8300, R 0.65 + 0.17 2.14 + 0.96 <0.13
8400, L 0.60 + 0.13 1.02 + 0.55 0.30 + 0.19
8500, R 0.77 + 0.20 <0.68 0.42 + 0.23
8600, L 0.64 + 0.15 0.64 + 0.77 0.18 + 0.11
8700, R 0.68 + 0.16 <0.51 0.30 + 0.17
8800, L 0.66 + 0.17 0.94 + 1.00 0.25 + 0.20
8900, R 0.69 + 0.20 0.87 + 0.68 0.56 + 0.30
9000, L 0.62 + 0.21 <0.43 0.56 + 0.24
9100, R 0.78 + 0.28 <0.70 0.39 + 0.18
9200, L 0.63 + 0.17 0.59 + 0.74 0.44 + 0.26

9300, R 0.67 + 0.138 <0.50 <0.12
9400, L 0.44 + 0.20 <0.39 0.29 + 0.22
9500, R 0.69 + 0.15 1.86 + 0.83 0.45 + 0.21
9600, L 0.67 + 0.17 0.70 + 0.32 0.24 + 0.23
9700, R 0.76 + 0.17 1.35 + 0.66 0.36 + 0.23
9800, L 1.00 ¥ 0.18 1.65 + 0.67 0.37 + 0.35
9900, R 0.78 + 0.23 1.29 + 1.35 0.59 + 0.27
10000, L 0.55 + 0.13 <0.48 0.18 + 0.24
10100, R 0.44 + 0.21 1.02 + 1.29 0.24 + 0.29
10200, L 0.84 + 0.25 1.20 ¥ 0.48 0.29 + 0.22
10300, R 0.60 + 0.23 0.84 + 1.72 0.55 + 0.27
10400, L 0.85 + 0.23 <0.71 1.12 + 0.32
10500, R 0.82 + 0.23 1.48 + 0.58 0.29 + 0.21
10600, L 0.77 + 0.29 1.56 + 1.92 1.09 + 0.39
10700, R 0.81 + 0.29 <0.72 0.20 +.0.39
10800, L 0.85 + 0.25 0.76 + 0.84 0.60 * 0.29
10900, R 0.83 + 0.22 <0.71 0.72 + 0.36
11000, L 0.62 + 0.15 <0.51 0.31 + 0.17
11100, R 0.66 + 0.14 1.23 + 0.49 0.13 + 0.08
11200, L 0.59 + 0.20 1.01 + 1.33 0.37 + 0.31
- 11300, R 1.15 + 0.23 1.21 + 1.57 0.55 + 0.37
11400, L 0.81 + 0.25 1.39 + 0.75 0.45 + 0.33
11500, R 0.60 + 0.17 0.78 + 0.90 0.51 + 0.23
11600, L 0.92 + 0.21 0.91 + 1.06 0.33 + 0.28
11700, R 0.82 + 0.19 1.84 + 0.68 0.42 + 0.20
11800, L 0.68 + 0.24 <0.51 0.29 + 0.20
11900, R 0.99 * 0.26 1.60 + 0.96 0.83 + 0.42
12000, L 0.84 + 0.22 0.64 + 0.62 0.83 + 0.44
12100, R 0.54 + 0.17 0.78 + 1.07 0.23 ¥ 0.13
12200, L 0.53 + 0.25 <0.78 0.43 + 0.37
12300, R 0.90 + 0.23 0.74 + 1.08 0.39 ¥ 0.24
12400, L 0.56 + 0.16 1.24 + 0.94 0.51 + 0.21



TABLE 13 (Continued)

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES
COLLECTED AT 100 M INTERVALS ALONG ROAD #1
WELDON SPRING, MISSOURI

Location Radionuclide Concentrations (pCi/g)
Ra-226 U-238 Th-232

12500 R 0.50 + 0.23 1.25 + 2.74 <0.16

12600, L 0.86 + 0.20 1.31 + 0.75 0.43 + 0.21
12700, R 0.91 + 0.30 5.52 + 2.78 1.19 + 0.52
12800, L 0.57 + 0.20 2.21 + 0.87 0.55 + 0.26
12900, R 0.73 + 0.30 1.81 + 2.06 0.98 + 0.48
13000, L 0.74 + 0.17 1.73 + 1.45 0.87 + 0.44
13100, R 0.47 + 0.12 0.95 + 1.18 0.34 + 0.24
13200, L 0.92 + 0.25 1.41 ¥ 1.04° 0.90 + 0.41
13300, R 0.53 + 0.22 1.08 + 1.10 0.34 + 0.24
13400, L 0.80 + 0.20 0.84 + 2.19 0.83 + 0.31
13500, R 0.71 + 0.23 1.69 + 0.86 0.49 + 0.44
13600, L 1.05 + 0.27 2.05 ¥ 1.66 1.17 ¥ 0.40
13700, R 0.62 + 0.15 1.64 + 0.99 0.27 + 0.26
13800, L 1.16 + 0.26 3.07 + 1.65 1.14 + 0.49
13900, R 0.29 + 0.05 0.43 + 0.12 0.14 + 0.05
14000, L 1.21 + 0.23 2.06 + 1.64 1.11 + 0.56
14100, R 0.97 + 0.19 3.13 + 0.51 0.35 + 0.24
14200, L 0.62 + 0.27 1.22 ¥ 1.49 0.44 + 0.39

dpefer to Figure 8.

bErrors are 2¢ based on

counting statistics.
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TABLE 14

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES
COLLECTED AT 100 M INTERVALS ALONG ROAD #2
WELDON SPRING, MISSOURIL

Location? Radionuclide Concentrations (pCi/g)
Ra-226 U-238 Th-232
0, L 1.07 + 0.28b 2.08 + 1.88 0.87 + 0.42
100, R 0.38 + 0.13 0.26 + 0.32 0.36 + 0.20
200, L 0.67 + 0.27 1.38 + 1.90 0.56 F 0.43
300, R 0.76 + 0.19 <0.73 0.58 + 0.32
400, L 1.03 + 0.21 <0.69 0.49 * 0.28
500, R 0.81 + 0.26 1.19 + 1.01 0.72 + 0.32
600, L 0.91 + 0.31 1.57 + 1.38 0.36 + 0.50
700, R 0.96 + 0.25 <0.82 0.56 + 0.35
800, L 0.68 + 0.19 0.88 + 0.50 0.55 + 0.43
900, R 0.84 + 0.22 1.48 + 0.92 0.85 + 0.40
1000, L 0.65 + 0.23 <0.85 0.46 + 0.26
1100, R 1.21 + 0.68 0.62 + 1.01 0.60 + 0.23
1200, L 0.57 + 0.21 1.46 + 1.78 1.27 + 0.52
1300, R 0.87 + 0.20 3.47 + 2.66 0.75 ¥ 0.33
1400, L 0.64 + 0.15 0.75 + 0.75 <0.09
1500, R 0.76 ¥ 0.23 <0.55 <0.11
1600, L 0.90 + 0.25 <0.92 0.33 + 0.28
1700, R 0.87 * 0.28 0.60 + 0.59 1.10 ¥ 0.39
1800, L 1.02 + 0.26 1.83 ¥ 1.07 0.99 + 0.59
1900, L 0.72 + 0.20 <1.34 0.55 + 0.30
2000, L 0.39 + 0.10 0.51 + 0.28 0.21 + 0.15
2100, R 0.58 + 0.19 5.81 + 1.34 0.39 *+ 0.27
2200, L 0.76 + 0.22 <0.54 <0.14
2300, R 0.65 + 0.26 2.50 + 1.58 0.56 + 0.34
2400, L 0.85 + 0.29 1.38 + 1.01 1.04 ¥ 0.41
2500, R 0.61 + 0.30 <0.62 0.78 + 0.38
2600, L 1.10 + 0.34 1.34 + 1.91 1.26 + 0.63
2700, R 1.18 + 0.26 1.12 + 0.61 1.30 + 0.44
2800, L 0.87 + 0.31 0.97 + 2.03 1.19 + 0.69
2900, R - 1.16 + 0.24 4.13 + 2.21 1.05 + 0.53
3000, L - 0.72 ¥ 0.23 1.31 ¥ 0.87 1.08 ¥ 0.46
3100, R. 1.26 + 0.42 1.66 + 1.12 1.40 + 0.65
3200, L. 1.13 +-0.29 1.00 + 2.59 1.06 + 0.33

dRefer to Figure 8.
bErrors are 20 based on

counting statistics.



TABLE 15

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOLL SAMPLES
COLLECTED AT 100 M INTERVALS ALONG ROAD #3

WELDON SPRING, MISSOURI

Location@

Radionuclide Concentrations (pCi/g)

Ra-226 U-238 Th-232
0, L 0.66 + 0.17b 1.25 + 0.48 0.12 + 0.11
100, R 0.82 + 0.25 2.01 + 1.20 0.25 + 0.47
200, L 0.83 + 0.20 1.35 + 1.30 0.34 + 0.50
300, R 0.80 + 0.25 1.50 + 0.91 0.71 + 0.51
400, L 1.23 ¥ 0.48 <1.09 1.0l + 0.45
500, R 0.72 + 0.20 0.89 + 1.01 0.18 + 0.21
600, L 0.81 + 0.22 0.87 * 1.27 0.22 + 0.23
700, R 0.55 + 0.15 0.67 + 1.02 <0.09
800, L 0.69 ¥ 0.25 <0.57 0.43 + 0.43
900, R 0.47 + 0.17 2.13 + 1.15 0.29 + 0.25
1000, L 0.68 + 0.20 <0.59 <0.16
1100, R 0.51 + 0.16 <0.49 0.32 + 0.25
1200, L 0.43 ¥ 0.13 <0.42 <0.11
1300, R 0.70 + 0.21 1.15 + 1.14 0.50 + 0.29
1400, L 0.78 + 0.28 <.79 0.74 * 0.37
1500, R 0.74 + 0.21 2.85 + 1.59 0.33 + 0.19
1600, L 0.61 + 0.18 1.96 + 1.01 0.44 + 0.37
1700, R 0.98 + 0.22 <0.61 0.66 + 0.34
1800, L 1.03 ¥ 0.29 <0.76 1.10 ¥ 0.37
1900, R 0.73 + 0.18 <0.60 0.59 + 0.28
2000, L 1.00 + 0.33 1.11 + 1.64 1.28 + 0.39
2100, L 0.72 + 0.23 0.98 + 1.30 0.67 + 0.42
2200, L 0.98 + 0.29 1.28 + 1.51 0.56 + 0.53
2300, R 1.12 + 0.24 <0.69 0.32 + 0.18
2400, L 0.97 + 0.25 <0.67 0.63 + 0.26
2500, R 0.76 + 0.24 0.94 + 1.51 0.72 + 0.29
2600, L 0.80 + 0.22 <0.52 0.24 + 0.18
2700, R 1.02 + 0.22 1.87 + 1.50 0.67 + 0.39
2800, L 1.19 + 0.21 1.96 + 1.49 1.45 * 0:57
2900, R 1.05 + 0.21 <0.69 1.16 + 0.53
3000, L 0.54 ¥ 0.19 1.41 + 0.80 1.41 ¥ 0.80
3100, R 0.61 + 0.24 <0.70 0.36 + 0.29
3200, L 0.76 + 0.24 <0.55 0.48 + 0.27
3300, R 0.78 + 0.24 0.59 + 1.45 0.37 + 0.32
3400, L 0.74 ¥ 0.29 <0.62 0.40 + 0.23
3500, L 1.11 + 0.32 1.24 + 1.55 0.79 + 0.57
3600, R 0.98 ¥ 0.27 0.93 ¥ 1.42 1.06 ¥ 0.45
3700, L 0.86 + 0.19 <0.63 0.38 + 0.33

dRefer to Figure 9.
bErrocs are 2¢ based oa

counting statistics.
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TABLE 16

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES
COLLECTED AT 100 M INTERVALS ALONG ROAD #4
WELDON SPRING, MISSOURI

71

Location? Radionuclide Concentrations (pCi/g)
Ra-226 U-238 Th—-232
0, L 1.01 + 0.23b 1.24 + 1.42 0.77 + 0.42
100, 0.5L 0.73 + 0.16 <0.50 <0.13
200, 0.5R 0.93 + 0.22 1.97 + 1.45 0.80 + 0.38
300, 0.5L 0.64 + 0.28 <0.65 0.37 + 0.33
400, 0.5R 0.64 + 0.15 <0.49 0.30 + 0.25
500, 0.5L 0.74 + 0.2} 0.75 + 1.27 0.29 + 0.31
600, R 0.90 + 0.21 <0.50 0.32 + 0.19
700, L 0.80 + 0.21 0.89 + 1.13 <0.13
717, R 0.98 + 0.21 1.22 + 0.56 0.69 + 0.37
4Refer to Figure 9.
bErrors are 2¢ based on counting statistics.



TABLE 17

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES
COLLECTED AT 100 M INTERVALS ALONG-ROAD #5

WELDON SPRING, MISSOURI

Location?

Radionuclide Concentrations (pCi/g)

Ra-226 U-238 Th-232

0, 0.5R 0.54 + 0.14b 1.45 + 1.20 <0.17
100, 0.5L 0.39 + 0.13 <0.63 0.39 + 0.21
200, 0.5R 0.80 + 0.29 1.29 + 1.57 0.41 + 0.25
300, 0.5L 0.76 + 0.19 1.16 + 1.04 0.38 + 0.38
400, R 0.73 + 0.17 <0.66 0.34 + 0.28
500, L 0.54 + 0.13 0.54 + 0.67 0.54 + 0.39
600, R 0.57 + 0.17 <0.59 0.34 + 0.33
700, L 0.61 + 0.17 <0.61 0.44 + 0.17
800, R 0.62 + 0.18 <0.55 0.37 + 0.25
900, L 0.67 + 0.21 0.63 + 0.96 0.32 + 0.24
1100, L 0.67 ¥ 0.31 <0.84 0.48 ¥ 0.42

1200, R 0.61 + 0.15 0.30 + 0.28 <0.10
1300, L 0.85 ¥ 0.33 1.5 ¥ 2.06 0.62 + 0.34
1400, R 0.88 + 0.23 1.12 + 1.16 0.26 + 0.26
1500, R 0.74 + 0.15 0.74 ¥ 0.76 1.12 ¥ 0.35
1600, L 0.85 + 0.20 1.15 + 1.35 0.24 + 0.32

1700, R 0.65 ¥ 0.16 <0.56 <0.11
1800, L 0.71 + 0.16 0.63 + 0.51 0.33 + 0.20

1900, R 0.61 ¥ 0.19 0.70 ¥ 1.55 <0713

3@Refer to Figure 8.

bErrors are 2¢ based on

counting statistics.



TABLE 13

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES
COLLECTED AT 100 M INTERVALS ALONG ROAD #6
WELDON SPRING, MISSOURI

Location? Radionuclide Concentratious (pCi/g)

Ra-226 U-238 Th-232
0, R 0.40 + 0.16b 1.08 + 0.42 0.79 + 0.26
100, L 0.69 + 0.21 1.56 + 1.60 0.99 + 0.44
200, R 0.85 ¥ 0.24 0.64 * 2.80 1.36 + 0.42
300, L 0.93 + 0.18 0.89 + 0.60 1.15 + 0.37
400, R 0.44 F 0.12 0.53 ¥ 0.67 0.42 ¥ 0.27
500, L 0.56 + 0.18 <0.54 0.45 + 0.20
600, R 0.74 ¥ 0.27 1.06 + 1.25 1.35 ¥ 0.41
700, L 0.36 + 0.16 0.73 + 0.39 0.52 + 0.20
800, R 0.73 ¥ 0.19 1.02 ¥ 1.03 0.31 ¥ 0.23

900, L 0.74 + 0.18 1.50 + 1.94 <0.12
1000, R 0.57 ¥ 0.22 1.16 ¥ 1.60 0.63 + 0.24
1100, R 0.63 + 0.16 2.16 + 0.52 0.27 + 0.24
1200, R 1.16 ¥ 0.28 3.05 ¥ 1.83 1.54 ¥ 0.47
1300, L 0.47 + 0.14 1.44 + 0.96 0.21 + 0.25
1400, R 1.07 ¥ 0.27 <087 0.47 ¥ 0.29
1500, L 0.72 + 0.24 1.66 + 0.90 1.27 + 0.36
1600, R 0.86 ¥ 0.25 1.23 ¥ 1.32 0.32 ¥ 0.27
1700, L 0.84 + 0.30 2.20 + 1.87 1.09 + 0.58
1800, R 0.77 + 0.16 <0.55 0.41 + 0.29
1900, L 0.82 + 0.20 0.84 + 1.18 0.29 + 0.51
2000, R 0.77 ¥ 0.18 <0.74 0.54 ¥ 0.24
2100, L 1.06 + 0.21 1.32 + 1.03 0.97 + 0.34

2200, R 0.59 ¥ 0.23 1.62 * 3.07 <018
2300, L 0.48 + 0.16 1.15 + 1.59 0.17 + 0.10
2400, R 0.63 ¥ 0.15 0.31 ¥ 0.31 0.18 ¥ 0.20
2500, L 0.69 + 0.22 <0.80 0.59 + 0.26
2600, R 0.87 ¥ 0.20 <0.67 0.46 ¥ 0.38

dRefer to Figure 9.
bﬁrrors are 20 based on

counting statistics.
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TABLE 19

RADTONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES
COLLECTED AT 100 M INTERVALS ALONG ROAD #7
WELDON SPRING, MISSOURI

Location? Radionuclide Concentratioms (pCi/g)
Ra-226 U-238 Th-232

0, R 1.00 + 0.26b 1.67 + 0.69 0.55 + 0.29
100, L 1.06 + 0.28 2.56 + 2.13 0.62 + 0.44
200, R 0.76 + 0.16 <0.54 0.53 * 0.23
300, L 0.75 + 0.17 0.24 + 0.40 0.61 + 0.28
400, R 0.95 + 0.24 <0.85 0.85 + 0.35
500, L 0.84 + 0.24 0.95 + 0.41 1.92 + 0.97
600, R 0.79 + 0.32 1.35 + 3.73 0.95 ¥ 0.72
700, L 0.67 + 0.25 0.48 ¥ 1.77 0.57 *+ 0.36

aRefer to Figure 10.
bErrors are 2¢ based on counting statistics.
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TABLE 20
DIRECT RADIATION LEVELS MEASURED AT SOIL SAMPLE LOCATIONS

. DITCH #4
WELDON SPRING, MISSOURI

Location® Gamma Exposure Rates Gamma Exposure Rates
(m) at 1 m Above the Surface at the Surface
(pR/ 1) (pR/ k)

Ditch #4
0
100
200
300
400
500
600
700
800
900
1000
1100
1200
. 1300
1400

1500

=
OO O

e
AL DN T TTIQO XN O N

AN NN

Ditch #4A

0
100
200
300
400
500
600
700
800
8717

A=l O\~ O\~ O\~ A
[ NCS JES I . S RPN B, P Y. N

Ditch Originating at
Loc. #1 0

100

200

300

400

500

600

S S B - W -]
OV 000

"Refer to Figure 4.




TABLE 21

RADTONUCLIDE CONCENTRATIONS IN SEDIMENT
. COLLECTED AT 100 M INTERVALS - DITCH #4, #4A AND THE DITCH FROM LOCATION i#l

WELDON SPRING, MISSOURI

Location? Radionuclide Concentrations (pCi/g)
(m) Ra-226 U-238 Th-232
Ditch #4
0, ¢ 1.02 + 0.320 59.2 + 3.6 1.71 + 0.45
100, C 1.22 + 0.25 0.52 + 5.67 1.05 + 0.55
200, ¢
300, ¢ 1.39 + 0.23 12.1 # 3.6 1.80 + 0.72
400, C 1.07 ¥ 0.22 1.91 + 2.24 1.33 ¥ 0.66
500, C
600, C 1.06 + 0.26 <1.42 1.13 + 0.60
700, C 1.57 + 0.24 2.26 + 1.24 0.90 + 0.28
800, C 1.23 ¥ 0.27 2.43 ¥ 1.89 1.16 ¥ 0.49
900, R 0.92 + 0.23 7.24 + 3.11 0.86 + 0.54
1000, L - - -
1100, R 0.70 + 0.20 <0.73 0.62 + 0.34
1200, C 0.91 ¥ 0.30 0.75 + 2.58 0.90 + 0.48
. 1300, ¢
1400, € 0.79 + 0. 2.84 + 1.61 1.10 + 0.52
. 1500, R 0.93 + 0.3 <1.03 2.23 + 0.61
Ditch #4A
0, R 1.07 + 0.22 2.08 + 1.43 1.15 + 0.39
100, L 0.86 + 0.29 1.20 + 0.56 1.13 + 0.31
200, R 0.53 + 0.26 <0.88 1.42 + 0.37
300, L 0.72 + 0.25 <l.11 1.18 + 0.38
400, R 1.36 + 0.31 2.75 + 2.02 1.66 + 1.04
500, L 0.75 + 0.28 1.41 + 1.29 1.28 + 0.41
600, R 0.84 + 0.22 0.46 + 0.57 1.53 + 0.44
700, L 1.03 + 0.33 3.95 + 2.41 1.44 + 0.53
800, R 1.06 ¥ 0.32 <1707 0.83 ¥ 0.39
877, L 0.71 + 0.20 0.95 + 0.85 1.22 + 0.37
Location #1
oM, C 1 0.90 + 0.25P 2.19 + 0.68 1.57 + 0.38
oM, ¢ 0.90 + 0.21 7.65 + 2.07  © 1.22 + 0.43
2004, C 0.93 * 0.34 7.56 + 2.39 1.52 + 0.46
3o0M, C 0.84 + 0.27 2.77 + 2.18 1.60 + 0.50
400M, C 0.63 ¥ 0.15 1.66 + 1.00 0.84 ¥ 0.26
500, C 0.80 + 0.20 2.69 + 0.94 0.97 + 0.30
600M, C 0.89 + 0.21 6.58 + 2.64 1.32 + 0.61
. 2 Refer to Figure 4.

b Errors are 20 based on counting statistics.
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TABLE 22

RADIONUCLIDE CONCENTRATTIONS IN SURFACE WATER SAMPLES
WELDON SPRING, MISSOURL

Location® Radionuclide Concentrations (pCi/1)
Gross Alpha Gross Beta
Pond Off Railroad #2 1.93 + 0.47D 8.09 + 0.78
{North Bank)
Poand Off Road #6 0.74 + 0.57 2.09 + 1.00
(West Bank)
Raffinate Ditch, 22M 4.28 + 2.24 3.22 + 2.57
Ditch 44 - Origin 1.38 + 0.74 4.98 + 1.00

4 Refer to Figure 4.
b Errocrs are 20 based on counting statistics.



TABLE 23

DIRECT RADIATION LEVELS MEASURED AT SOIL SAMPLE LOCATIONS
SCHOTE (REEX
WELDON SPRING, MISSOURI

Location® Gamma Exposure Rates Gamma Exposure Rates
(m) ‘at 1 m Above the Surface at the Surface
* (uR/1) (uR/ k)

0 1R 7 8

100 1L 8 8

200 1R 8 8

300 1L 8 8

400 1R 8 8

500 1L 8 8

600 1R 7 7

700 1L 7 8

727 1R 7 7

aRefe:: to Figure 4.
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TABLE 24

RADTONUCLIDE CONCENTRATIONS IN SEDIMENT SAMPLES
COLLECTED AT 100 M INTERVALS ALONG SCHUTE CREEK
WELDON SPRING, MISSOURI

Location? Radionuclide Concentrations (pCi/g)

(m) Ra-226 U-238 Th-232

0 R 0.93 + 0.22b 1.30 + 1.74 1.16 + 0.34
100 L 0.83 + 0.20 <0.88 1.04 + 0.34
200, R 0.60 ¥ 0.12 1.28 + 0.70 0.83 ¥ 0.23
300, L 0.77 + 0.24 1.20 + 1.73 0.99 + 0.32
400, R 1.20 + 0.25 1.54 + 1.51 1.40 + 0.46
500, L 0.58 + 0.19 0.84 + 0.64 0.58 + 0.22
600 L 0.45 + 0.21 1.16 + 1.18 0.57 + 0.46
727, R 0.44 + 0.14 0.57 + 0.59 0.86 + 0.56

4 Refer to Figures 4.
b Errors are 2o based on counting statistics.
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TABLE 25

RADLONUCLIDE CONCENTRATLONS IN SEDIMENT SAMPLES
FROM ARMY PROPERTY PONDS
WELDON SPRING, MISSOURIL

Location? Radionuclide Comcentrations (pCi/g)
: Ra-226 U-2338 Th-232

Pond Off Railroad #2  0.54 + 0.19®  0.78 + 1.21  0.36 + 0.40
(North Bank)

Pond Off Road #6 1.02 + 0.27 13.3 + 2.2 1.43 + 0,47
(West Bank)

4 Refer to Figure 4.
b Errors are 20 based on counting statistics.
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TABLE 26

RADTONUCLINE CONCENTRATIONS IN SPLIT SPOON SULL SAMPLES
COLLECTED FROM BOREHOLES ON THE ARMY RESERVE PROPERTY
WELDON SPRING, MISSOURI

Depth

Boreholed Radionuclide Concentration (pCi/g)

Location (cm) Ra-226 U-238 Th-232
63 0 - 60 1.33 + 0.46P 1.73 + 1.29 1.15 + 0.71
90 -~ 120 1.11 + 0.28 <0.85 1.22 + 0.48
120 - 150 1.53 + 0.36 3.15 + 1.70 1.95 + 0.60
240 - 270 0.67 + 0.24 <0.84 1.49 + 0.42
270 - 300 0.83 + 0.32 2.34 + 1.88 1.68 + 0.91
390 - 420 0.85 + 0.30 <0.87 1.50 + 0.47
420 - 450 0.88 + 0.29 3.34 + 1.11 2.02 + 0.51
540 - 550 0.85 + 0.30 <0.92 0.61 + 0.57
64 0 - 30 1.24 + 0.49 <1.32 1.63 + 0.87
30 - 60 0.97 + 0.29 1.69 + 2.09 1.65 + 0.45
90 - 120 1.16 + 0.38 2.79 + 1.36 1.95 + 0.79
120 - 150 1.32 ¥ 0.33 1.46 + 1.564 1.12 ¥ 0.78
240 - 270 0.96 + 0.31 1.81 + 1.72 1.44 + 0.73
270 - 300 1.04 + 0.29 1.68 + 1.54 1.37 + 0.52
390 - 420 0.88 + 0.35 1.28 + 0.82 1.29 + 0.49
420 - 450 1.07 + 0.42 <1.12 1.89 + 0.62
65 0 - 30 1.06 + 0.34 1.71 + 1.50 1.17 + 0.57
30 - 60 1.17 ¥ 0.30 8.87 * 2.80 2.13 ¥ 0.61
90 - 120 1.18 + 0.29 3.45 + 1.28 1.48 + 0.52
120 - 150 1.25 + 0.30 1.18 + 1.52 1.60 + 0.48
240 - 270 0.90 + 0.26 1.16 + 0.78 1.35 + 0.55
270 - 300 0.63 + 0.30 1.62 + 1.64 1.25 + 0.65
66 0 - 30 1.21 + 0.35 2.18 + 1.73 1.42 + 0.57
30 - 60 1.19 + 0.35 1.93 + 1.46 1.96 + 0.56
90 - 120 1.66 + 0.36 <1.22 1.06 + 0.75
120 - 150 1.86 ¥ 0.35 6.79 + 1.60 1.57 + 0.71
240 - 270 0.98 + 0.28 1.64 + 1.68 2.0l + 0.55
: 270 - 300 0.71 + 0.28 1.98 + 1.67 1.16 + 0.51
g 390 - 405 1.24 + 0.57 3.34 + 1.65 2.30 + 0.74
540 - 555 1.46 + 0.99 3.41 + 6.78 2.69 + 2.21

67 0 - 30 0.99 + 0.32 3.32 + 2.78 <0.21
30 - 60 1.02 + 0.37 4.85 % 1.70 1.45 + 0.92
90 - 120 1.08 + 0.34 <0.87 1.01 + 0.56
120 - 150 0.59 + 0.35 1.60 + 2.06 1.20 + 0.72
240 - 270 0.75 ¥ 0.25 <0.81 1.19 + 0.39
270 - 300 1.13 + 0.33 <0.88 1.24 + Q.61
390 - 420 0.32 + 0.25 <0.88 1.09 + 0.48
420 - 450 0.54 + 0.29 0.86 + 1.76 1.11 + 0.41

[o o]
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TABLE 26 (Continued)

RADTONUCLIDE CONCENTRATIONS IN SPLIT SPUON SOLL SAMPLES
COLLECTED FROM BOREHOLES ON THE ARMY RESERVE PROPERTY
WELDON SPRING, MISSOURI

Borehole Depth Radionuclide Concentration (pCi/g)
Location (cm) Ra-226 U-238 Th—232
68 0- 30 1.246 + 0.29 3.93 + 2.66 1.66 + 0.89
30 - 60 1.00 + 0.43 6.00 + 2.67 1.41 + 0.67
90 - 120 0.85 + 0.27 1.16 + 2.13 1.15 + 0.49
120 ~ 150 0.83 + 0.32 <0.79 1.45 + 0.71
260 - 255 0.32 + 0.28 <0.63 0.55 + 0.30
390 - 450 0.25 + 0.21 1.90 + 1.29 0.30 ¥ 0.43
540 = 570 0.37 + 0.23 <0.71 0.32 + 0.32
69 0- 30 0.97 + 0.33 2.03 + 1.02 0.80 + 0.36
30 - 60 0.58 + 0.27 0.71 + 1.35 0.98 + 0.39
90 - 120 0.79 + 0.26 1.93 + 1.09 1.18 + 0.41
120 - 150 0.74 + 0.26 0.62 + 0.93 1.39 + 0.47
240 - 270 1.01 + 0.30 1.52 + 0.95 1.74 + 0.52
270 - 300 1.11 + 0.34 1.36 + 1.33 1.56 + 0.48
390 - 420 0.82 + 0.28 1.62 + 1.19 1.08 + 0.41
420 - 450 0.67 + 0.36 <0.65 1.09 + 0.44
540 — 545 1.52 + 0.85 2.82 + 1.98 <0.72
70 0- 30 1.00 + 0.27 <0.91 1.11 + 0.42
30 - 60 1.24 + 0.40 3.49 + 1.09 1.62 + 0.87
90 - 120 1.42 + 0.38 2.00 + 1.67 1.47 + 0.63
120 - 150 1.20 + 0.36 2.53 + 1.48 1.77 + 0.58
250 - 270 1.20 + 0.29 2.01 ¥ 1.32 1.31 + 0.70
270 - 300 0.83 + 0.27 1.37 + 1.76 1.38 + 0.78
390 - 420 0.68 + 0.29 <0.73 0.88 + 0.49
420 - 450 0.64 + 0.32 0.34 + 0.78 -
71 0- 30 0.94 + 0.31 <0.86 1.03 + 0.58
30 - 60 1.01 + 0.35 1.06 + 0.75 0.25 + 0.37
90 -. 120 1.11 + 0.35 1.18 + 1.83 1.22 + 0.56
120 - 150 1.55 + 0.33 2.53 + 1.04 1.34 + 0.64
260 - 270 0.74.F7 0.29 <0.79 0.86 * 0.34
390 .= 420 0.64 + 0.23 1.84 + 0.77 1.56 + 0.48
420 = 450 0.81 + 0.24 0.89 + 1.64 1.02 + 0.38
540 - 570 0.49 + 0.34 <0.86 1.58 + 0.43
570 ~ 600 0.62 + 0.27 1.21 + 1.62 0.68 * 0.60
690 - 720 1.32 + 0.33 2.29 + 1.50 2.11 + 0.69
720 - 750 2.11 + 0.38 9.88 + 2.66 2.58 + 0.67
840 - 870 1.35 + 0.40 2.49 + 1.46 2.71 + 0.57
870 - 900 1.18 + 0.29 <0.98 2.10 ¥ 0.74
990 - 102 1.28 + 0.30 2.09 + 1.36 1.79 + 0.47
1140 - 1155 0.58 + 0.28 0.92 + 1.40 1.39 + 0.47
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TABLE 26 (Coatinued)

RADIONUCLIDE CONCENTRATIONS IN SPLIT SPOON SOLL SAMPLES
COLLECTED FROM BOREHOLES ON THE ARMY RESERVE PROPERTY
WELDON SPRING, MISSOURI

Depth

Borehole Radionuclide Concentration (pCi/g)
Location (cm) Ra-226 U-238 Th-232

72 0 - 30 0.88 + 0.27 0.66 + 0.66 0.76 + 0.41
30 - 60 1.27 + 0.26 1.91 + 1.34 1.29 + 0.37
90 - 120 1.16 + 0.37 2.77 + 1.67 1.60 + 0.78
120 - 150 1.04 + 0.27 1.84 + 1.66 1.52 + 0.57
260 - 270 1.03 + 0.34 1.02 + 1.57 1.41 + 0.48
270 - 300 0.89 + 0.23 1.14 ¥ 1.63 1.41 ¥ 0.67
390 - 420 0.82 + 0.36 1.87 + 0.85 1.26 + 0.49
420 = 450 0.66 + 0.20 <0.70 1.17 * 0.46
540 - 550 0.63 + 0.56 3.51 + 1.41 1.25 + 0.63
73 0- 30 0.63 + 0.43 <0.78 0.97 + 0.54
30 -~ 60 0.44 + 0.17 1.71 + 0.80 0.51 + 0.26
90 - 120 0.71 + 0.23 3.09 + 1.76 0.83 + 0.39

120 - 150 0.42 + 0.17 <0.79 <0.25
240 - 270 0.61 + 0.20 3.28 + 1.46 0.67 + 0.63
270 - 300 0.40 + 0.33 1.53 ¥ 1.37 1.21 * 0.49
390 - 450 0.38 + 0.22 <0.68 0.81 + 0.30
540 - 570 0.56 + 0.21 1.70 + 0.89 1.45 + 0.59
570 - 600 0.59 + 0.30 <0.78 1.05 + 0.44
690 - 720 0.69 + 0.21 1.33 + 1.26 0.86 + 0.55
720 - 750 0.63 + 0.35 <0.72 1.05 + 0.53
840 - 870 0.53 + 0.27 0.30 + 0.59 0.89 * 0.41
870 - 900 0.64 + 0.33 <0.83 1.64 + 0,47
990 - 1020 1.50 + 0.29 2.16 + 0.80 1.07 ¥ 0.37
74 0- 30 1.37 + 0.53 3.05 + 1.24 1.63 + 0.90
30 - 60 0.91 + 0.32 1.97 + 1.47 1.70 + 0.49
90 - 120 0.89 + 0.25 2.06 + 1.19 1.28 + 0.36
120 - 150 0.83 + 0.28 0.55 + 2.13 1.24 + 0.41
260 - 270 - 0.93 ¥ 0.23 0.93 ¥ 1.24 1.40 ¥ 0.46
270 - -300 .- 0.79 + 0.26 <0.80 1.66 + 0.41
390 -~ 420 0.78 ¥ 0.30 0.65 + 0.73 1.33 + 0.77
420 - 450 0.69 + 0.20 1.27 + 1.40 0.88 + 0.46
540 - 570 0.71 + 0.34 1.50 + 1.32 0.93 + 0.40
570 - 600 0.75 + 0.21 4.09 + 1.23 1.59 + 0.53
690 - 720 0.75 + 0.35 <0.89 1.15 + 0.48
720 = 750 0.97 + 0.38 <1.23 1.49 + 0.73
840 - 870 0.76 + 0.27 1.87 + 1.24 1.07 ¥ 0.56
870 - 900 0.85 + 0.21 1.87 + 1.19 0.93 + 0.49
990 - 1020 0.90 + 0.30 1.24 + 1.86 1.51 + 0.51
1020 - 1050 0.58 + 0.26 <0.76 1.56 + 0.54
1140 - 1170 0.61 + 0,22 1.37 + 1.27 1.56 + 0.54



TABLE 26 (Continued)

RADIONUCLIDE CONCENTRATIONS IN SPLIT SPOON SOIL SAMPLES
COLLECTED FROM BOREHOLES ON THE ARMY RESERVE PROPERTY
WELDON SPRING, MISSOURI

Borehole th Radionuclide Concentration (pCi/g)
Location (cm) Ra-226 U-238 Th-232

1170 - 1200 0.63 + 0.22 0.94 + 1.36 1.42 + 0.41

1290 - 1320 0.74 + 0.30 1.42 ¥ 1.43 0.83 *+ 0.43

1320 - 1350 0.82 + 0.25 3.37 + 1.55 1.04 + 0.65

1440 - 15470 2.18 + 0.39 2.10 + 1.39 1.07 + 0.66

1470 - 1500 1.91 + 0.37 6.41 + 2.49 1.36 + 0.55

1590 - 1620 1.19 + 0.27 1.51 + 1.10 1.44 + 0.47

1620 = 2650 1.02 + 0.34 <0.91 1.79 + 0.43

75 0- 30 <0.50 1.43 + 1.06 1.74 + 0.75
30 - 60 1.15 + 0.33 1.16 + 2.19 2.38 + 0.66

90 - 120 1.55 + 0.43 2.33 + 2.17 1.56 + 0.58

120 - 150 1.04 ¥ 0.37 <1.14 1.31 + 0.68

240 - 270 0.82 + 0.22 0.56 + 0.65 1.37 + 0.58

270 - 300 0.99 + 0.32 <0.97 1.76 + 0.64

390 - 420 0.93 + 0.24 1.44 + 0.79 1.43 + 0.61

420 - 450 0.79 + 0.31 <0.87 0.75 + 0.55

540 - 570 0.59 + 0.36 1.40 + 1.28 1.39 + 0.64

570 - 600 0.83 + 0.41 1.11 + 0.86 1.09 + 0.44

690 ~ 720 0.52 + 0.36 <0.99 1.45 + 0.52

76 0 - 30 0.96 + 0.31 <0.83 1.59 + 0.58
30 - 60 1.01 + 0.30 1.40 + 1.66 0.51 + 0.96

120 - 150 0.85 + 0.28 1.12 + 1.51 1.56 + 0.50

120 = 150 0.94 + 0.32 2.30 + 0.96 1.46 + 0.59

240 - 270 0.94 + 0.28 0.90 + 1.81 1.37 + 0.56

270 - 300 0.78 + 0.28 1.89 + 1.47 1.00 + 0.36

390 - 420 0.63 + 0.21 <0.64 0.61 + 0.38

420 - 450 0.60 + 0.29 1.38 + 1.09 1.29 + 0.41

540 - 570 0.89 + 0.40 <1.22 1.68 + 0.67

570 - 600 0.92 + 0.40 1.82 + 0.93 1.42 + 0.92

690 - 720 0.48 + 0.27 <0.66 0.78 + 0.41

720 - 750 0.33 + 0.19 0.93 + 0.97 0.5 ¥ 0.35

340 - 870 0.65 + .22 <0.64 1.05 + 0.39

870 - 900 0.91 + 0.35 1.38 + 0.87 0.96 + 0.71

990 - 1020 0.82 + 0.31 1.78 + 1.20 1.37 + 0.57

1020 - 1050 1.33 + 0.30 3.02 + 1.45 1.41 ¥ 0.55

1140 - 1170 0.75 + 0.38 <1.12 1.12 + 0.43

1170 - 1200 1.25 + 0.32 <0.93 1.10 + 0.57

77 0- 30 0.58 + 0.27 0.97 + 1.95 0.63 + 0.38
30 - 60 0.82 + 0.27 <0.62 0.35 + 0.28

90 - 120 1.31 + 0. 2.73 + 1.01 1.61 + 0.60
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TABLE 26 (Continued)

RADIONUCLIDE CONCENTRATIONS IN SPLIT SPOON SOIL SAMPLES
COLLECTED FROM BOREHOLES ON THE ARMY RESERVE PROPERTY

WELDON SPRING, MISSOURI

Borehole Depth Radionuclide Concentration (pCi/g)
Location (cm) Ra-226 U-238 Th-232
77 120 - 150 0.80 + 0.25 1.06 + 1.80 1.35 + 0.54
240 - 270 0.70 * 0.30 1.60 + 1.07 0.82 ¥ 0.50
270 - 300 0.93 + 0.36 2.01 + 1.95 1.42 + 0.46
390 - 420 0.82 + 0.20 2.77 + 1.02 1.40 + 0.41
420 = 450 0.70 + 0.50 1.79 + 1.41 0.97 * 0.51
540 - 570 1.55 + 0.28 1.40 + 1.38 1.64 + 0.40
570 - 600 1.04 + 0.37 1.76 + 1.92 1.83 + 0.57
690 - 720 0.94 + 0.22 1.62 + 1.52 0.97 + 0.43
720 - 750 1.07 + 0.38 1.23 + 1.642 1.15 + 0.79
78 0- 30 0.86 + 0.30 1.16 + 2.23 0.50 + 0.25
30 - 60 0.61 + 0.20 1.11 ¥ 0.93 <0.24
90 - 120 0.94 + 0.28 1.22 + 1.10 0.88 + 0.35
120 = 150 1.12 + 0.26 1.34 + 1.31 0.56 + 0.54
240 - 270 1.15 + 0.22 1.10 + 1.08 1.05 + 0.36
270 - 300 1.32 + 0.33 1.57 + 0.84 1.36 + 0.59
390 - 420 0.80 + 0.25 <0.78 0.89 + 0.33
420 - 450 0.82 + 0.30 <1.12 0.23 + 0.28
540 - 570 0.70 + 0.38 0.98 + 2.01 1.11 + 0.37
570 - 600 0.76 + 0.22 1.66 + 1.42 0.95+ 0.54
690 - 705 0.19 + 0.15 0.85 + 1.17 <0.16
840 - 870 0.41 + 0.31 0.79 + 1.68 0.77 + 0.33
870 - 900 <0.15 <0.77 <0.27
1020 - 1050 1.17 + 0.26 1.39 + 1.34 1.74 + 0.50
79 0- 30 1.33 + 0.37 2.34 + 2.18 1.19 + 0.55
30 - 60 <0.24 <1.04 1.14 + 0.51
90 - 120 0.98 + 0.41 1.03 + 2.85 1.57 + 0.50
120 - 150 1.19 + 0.39 0.93 + 1.00 0.98 * 0.66
240 - 270 0.62 + 0.37 1.66 + 1.76 0.85 + 0.38
270 - 300 0.69 + 0.29 2.32 + 0.84 1.45 + 0.53
390 - 420 1.04 + 0.44 2.08 + 1.86 1.17 + 0.53
80 0~ 30 1.43 + 0.47 4.12 + 1.26 1.22 + 0.86
30 - 60 0.95 + 0.26 <0.80 1.45 ¥ 0.52
90 - 120 1.09 + 0.34 <1.08 1.74 + 0.87
120 - 150 1.26 + 0.39 2.31 + 1.75 1.52 + 0.80
240 - 270 <0.15 3.08 + 1.82 1.07 ¥ 0.40
270 - 300 0.74 + 0.22 1.28 + 0.75 1.89 + 0.48
390 - 420 0.91 + 0.33 <0.98 2.03 + 0.51
420 ~ 450 0.77 + 0.38 <1.13 1.22 ¥ 0.48
540 -~ 570 0.67 ¥ 0.22 1.98 + 1.21 0.61 + 0.33
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TABLE 26 (Continued)

RADTONUCLIDE CONCENTRATIONS IN SPLIT SPOON SOIL SAMPLE
COLLECTED FROM BOREHOLES ON THE ARMY RESERVE PROPERTY

WELDON SPRING, MISSOURI

S

Borehole Depth Radionuclide Concentration (pCi/g)
Location “(em) Ra-226 U-238 Th—-232
82 0 - 30  1.09 + 0.42 1.65 + 2.36  1.12 + 0.45
30 - 60 1.89 + 0.46 6.11 + 2.66 0.70 + 0.85
90 - 120 1.07 + 0.33 <2.67 1.32 + 0.76
120 - 150 3.07 + 0.51 <1.22 0.74 + 0.62
240 - 270 0.34 + 0.42 1.64 + 0.73 0.69 + 0.52
270 - 300 0.46 + 0.24 <0.65 <0.26
370 - 420 0.30 + 0.19 0.97 + 1.06 0.68 + 0.40
420 - 450 <0.18 <1.0t 0.78 + 0.62
540 - 570 0.64 + 0.32 1.17 + 1.86 <0.38
570 - 600 <0.28 <1.07 <0.37

dRefer to Figure 3.
bErrors are 2¢ based on counting statistics.
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APPENDIX A
Major Sampling and Analytical Equipment

The display or description of a specific product is not to be construed as an
endorsement of that product or its manufacturer by the authors or their
employer.

A. Direct Radiation Measurements

Eberline RASCAL

Portable Scaler/Ratemeter
Model PRS-1

(Eberline, Sante Fe, NM)

Eberline PRM-6
Portable Ratemeter
(Eberline, Sante Fe, NM)

Eberline Alpha Scintillation Probe
Model AC-3-7
(Eberline, Sante Fe, NM)

Eberline Beta-Gamma Pancake Probe
Model HP-260
(Eberline, Sante Fe, NM)

Victoreen Nal Gamma Scintillation Probe
Model 489~55
(Victoreen, Cleveland, OH)

Reuter—Stokes Pressurized Ionization Chamber
Model RSS-111
(Reuter—Stokes, Cleveland, OH)

Ladlum Portable Scaler
Model 2200
(Ludlum, Sweetwater, TX)

B. Laboratory Analysis

Automatic low-background Alpha—Beta Counter
Model LB5110-2080
(Tennelec, Inc., Oak Ridge, TN)

Ge(Li) Detectors (2)
Model LGCC22208D, 23% efficiency
(Prince ton Gamma—Tech, Princeton, NJI)

Used in conjunction with:
Lead Shield, SPG—16
(Applied Physical Technology Smyrna, GA)




High—Purity Germanium Detector
Model GMX-23195-S, 23% efficiency
(EG&G ORTEC, Oak Ridge, IN)

Used in conjunction with:
Lead Shield, G-16
(Gamma Products, Inc., Palos Hills, IL)

ND-66/ND-680 System
(Nuclear Data, Inc., Schaumburg, IL)

Alpha Spectrometry System

Tennelec Electronics, EG&G ORTEC
Surface barrier detectors )
(Tennelec, Inc., EG&G, Ozk Ridge, TN)

Radon Emanation System

Counter/Timer, Model 2071

Single Channel Analyzer, Model 2031
High Voltage Power Supply, Model 3102
(Canberra Industries, Meriden, CT)

Tennelec Linear Amplifier
Model TC 202BLR
(Tennelec, Inc., Oak Ridge, TN)

Radon Bubblers and Lucas Cells
(Rocky Mountain Scientific Glass Blowing, Co., Aurora, CO)
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MEASUREMENT AND ANALYTICAL PROCEDURES



APPENDIX B

Measurement and Analytical Procedures

Gamma Scintillation Measurement

Walkover surface: scans and measurements of gamma exposure rates were
performed using Eberline Model PRM-6 portable ratemeters with Victoreen Model
489-55 gamma scintillation probes containing 3.2 em x 3.8 em NaI(Tl)
scintillation crystals. Count rates were converted to exposure rates (pR/h)
using factors determined by comparing the response of the scintillation
detector with that of a Reunter Stokes model RSS-111 pressurized iomization

chamber at locations on the Busch Wildlife and Weldon Spring Wildlife areas.

Alpha and Beta—Gamma Measurements

Measurements of total alpha radiation levels were performed using Eberline
Model PRS-1 portable scaler/ratemeters with Model AC-3-7 alpha scintillation
probes.. Measurements of direct beta—gamma radiation levels were performed
using Eberline Model PRS-1 portable scaler/ratemeters with Model HP-260
thin-window pancake G—-M probes. Count <rates (cpm) were coﬁverted to
disintegration rates (dpm/100 cm2) by dividing the net rate by the 4=
efficiency and correctingv for active area of the detector. The éffective
window area is 59 cm2 for the ZnS detectors and 15 cm? for the G-M detectors.
The average background count rate was 40 cpm for the G-M probes and

approximately 2 cpm for the ZnS alpha probes.
Beta and gamma dose rates were calculated individually and the results
summed for a combined beta—gamma dose rate. Beta dose rates were calculated by

. applying the conversiom factor of 1400 cpm/mrad/h to the net beta count rate.

Borehole Logging

Borehole gamma radiation measurements were performed wusing a Victoreen
Model 489-55 gamma scintillation probe conmected to 2 Ludlm Model 2200
portable scaler. The scintillation probe was shielded by a 1.25 cm thick lead
shield with four 2.5 c¢m x 7 mm holes evenly spaced around the region of the

scintillation crystal. The probe was lowered into each hole using a tripod




bolder with a small winch. Measurements were performed at 30 cm intervals in
all holes. The logging data were used to identify regions of possible residues

and guide the selection of subsurface soil sampling locationms.

Soil and Sediment Sample Analysis

Gamma Spectrometry

Soil and sediment samples were dried, mixed, and a portioﬁ placed in a 0.5
L Marinelli beaker. The quantity placed in each beaker was chosen to reproduce
the calibrated counting geometry and ranged from 600 to 800 g of soil. Net
soil weights were determined and the samples counted using intrinsic germanium
and Ge(Li) detectors coupled to a Nuclear Data Model ND-680 pulse height
analyzer system. Background and Compton stripping, peak search, peak
identification, and concentration calculations were performed wusing the
computer capabilities inherent in the analyzer system. Energy peaks used for -

determination of radionuclides of concern were:

Ra—226 — 0.609 MeV from Bi-214 (secular equilibrimm assumed)
Th-232 — 0.911 MeV from Ac—228 (secnlar egquilibrimm assumed)
U-238 — 0.094 MeV from Th-234 (secular equilibrium assumed)

or 1.001 MeV from Pa-234 (secular equilibrium assumed)
Alpha Spectrometry; Th—230

Thorimm was separated by a process of high temperature fusiom, acid
dissolution, precipitatiom, redissolution, and solvent extraction. The thorimm
was then precipitated with cerium fluooride onto counting discs. Surface
barrier detectors coupled to a Nuclear Data Model ND 680 pulse height analyzer
"' enabled identification of the characteristic Th—230 energy peak (4.68 MeV) and .

activity determination.

Water Sample Analysis

Water samples were zrough—filtered through Whatman No. 2 filter paper.

Remaining suspended solids were removed by subsequent filtratiom through



0.45 pm membrane filters. The filtrate was acidified by additiom of 10 ml of
concentrated nitric acid. A known volume of each sample was evaporated to
dryness and counted for gross alpha and gross beta using a Tennelec Model

I1B-5110 low—background proportiomal counter.

Analysis for Ra-226 and Ra-228 was performed using the standard technique
EPA 600/4-80-032.

Uraniom and thorium isotopic analyses were performed by taking aliquots of
liquid, then acidifying and evapor;ting to dryness. The residue was dissolved
by pyrosulfate fusion and precipitated with barium sulfate. The barimm sul fate
precipitate was redissolved and the uranimm and thorium separated by liquid -
liquid extractiom. The uranium and thoriom were then precipitated with a

cerime fluworide carrier and counted using surface barrier detectors (ORTECQ),

alpha spectrometers (Tennelec), and an ND-66 Multichannel Analyzer (Nuclear
Data).

Removable Contamination Measurements

Smear measurements were performed on nmmbered filter paper disks, 47 mm in
diameter. Each smear was sealed in 2 labeled envelope with the location and
other pertinment informatiom recorded, A low—background alpha-beta counting

system was used to count individual smears.

Errors and Detection Limits

The uncertainties associated with the anmalytical data, presented in the
tables of this report, represent the 95% (20) confidence levels based only on
counting statistics. Other sources of error associated with the sampling and

analyses introduce an additiomal uncertainty of + 6 to 10% in the results.

Calibration and Quality Assurance

Laboratory and field survey procedures are documented in manuals developed
specifically for the Oak Ridge Associated Universities Radiological Site

Assessment Program.



With the excoption of the measurements conducted with portable gamma
scintillation survey meters, instruments were calibrated with NBS-traceable
standards. The calibration procedures for the portable gamma instruments are

performed by comparison with an NBS calibrated pressurized ionization chamber.

Quzlity control .procedures on all instrmments included daily background
and check-source measurements to confimm equipment operation within acceptable
statistical fluctuations. The ORAD laboratory participates in the EPA and EML

Quality Assurance Programs.



APPENDIX C

SUMMARY OF RADIATION GUIDELINES
APPLICABLE TO VICINITY PROPERTIES AT THE WELDON SPRING CEEMICAL PLANT SITE



U.S. DEPARTHMENT OF ENERGY GUIDELINES
FOR RESIDUAL RADIOACTIVITY AT
FORMERLY UTILIZED SITES REMEDIAL ACTION PROGRAM
AND
REMOTE SURPLUS FACILITIES MANAGEMENT PROGRAM SITES

(Rev. 1, July 1985)

A. INTRODUCTION

This document presents U.S. Department of Energy (DOE) radiological
protection guidelines for cleanup of residual radioactive materials and
management of the resulting wastes aod residues. It is applicable to sites
identified by the Formerly Utilized Sites Remedial Action Program (TUSRAP) and
remote sites identified by the Surplus Facilities Management Program (srvp) .+
The topics covered are basic dose limits, guidelines and authorized limits for
allowable levels of residual radiocactivity, and requirements for control of
the radiocactive wastes and residues.

Protocols for identification, characterization, and designation of FUSRAP
sites for remedial action; for implementation of the remedial action; and for
certification of a FUSRAP site for release for unrestricted use are given in a
separate document (U.S. Dept. Energy 1984). More detailed information on
applications of the guidelines presentad herein, including procedures for
deriving site-specific guidelinmes for allowable levels of residual radio-
activity from basic dose Iimits, is cootaiped in a supplementary document--
referred to hersim as the "supplement” (U.S. Dept. Energy 1985).

"Residual radicactivity” includes: (1) residual conceatrations of radio-
nuclides in soil material,** (2) concentrations of airborme radon decay
products, (3) external gamma radiation level, and (4) surface contamination.
A "basic dose limit" is a prescribed standard from which limits for quagtities
that can be monitored and controlled are derived; it is specified in terms of
the effective -dose equivalent as defined by the Intermational Commission on
Radiological Protection (ICRP 1977, 1978). Basic dose limits are used
explicitly for- deriving guidelines for residual concentrations of radio-
nuclides in soil material, except for thorium and radium. Guidelines for

*A remote SFMP site is one that is excess to DOE programmatic needs and is
located outside a major operating DOE research and development or productien
area.

&,

~~The term "soil material” refers to all material below grade level after
remedial action is completed.



residual coacentrations of thorium and radium and for the other three quanti-
ties (airborne radoan decay products, extsrnal gamma radiation level, aand
surface cootamination) are based on existing radioclogical protection standards
(U.S. Environ. Prot. Agency 1983; U.S. Nucl. Reg. Comm. 1982). These <:aandards
are assumed to be cousistent with basic dose limits within the uncertainty of
derivations of levels of residual radioactivity from basic limits.

A "guideline" for residual radiocactivity is a level of residual radio-
activity that is acceptable if the use of the site is to be unrestricted.
Guidelines for residual radiocactivity presented herein are of two kinds:
(1) generic, site-independent guidelines takea from existing radiation protec-
tion standards, and (2) site-specific guidelines derived from basic dose
limits using site-specific models and data. Generic guideline values are
preseated in this document. Procedures and data for deriving site-specific
guideline values are given in the supplement.

An "authorized limit" is a level of residual radiocactivity that must mot
be exceeded if the remedial action is to be considered completed. Under
normal circumstances, expected to occur at most sites, authorized limits for
residual radioactivity are set equal to guideline values. Exceptional condi-
tions for which authorized limits might differ from guideline values are
specified in Sections D and F. A site may be released for unrestrictaed use
only if the residual radicactivity does not exceed guideline values at the
time remedial action is completed. Restrictions and controls on use of the
site must be established and enforced if the residual radiocactivity exceeds
guideline values. The applicable controls and restrictions are specified in
Section E.

DOE policy requires that all exposures to radiation be limited to levels
that are as low as reasonably achievable (ALARA). Implementation of ALARA
policy is specified as procedures to be applied after authorized limits have
been set. For sites to be released for unrestricted use, the intent is to
reduce residual radioactivity to levels that are as far below authorized
limits as reasonable considering technical, economic, and social factors. At
sites where the residual radioactivity is not reduced to levels that permit
release for unrestricted use, ALARA policy is implementad by establishing
coatrols to reduce exposure to levels that are as low as is reasonably
achievable. Procedures for implementing ATARA policy are described in the
supplement. ALARA policies, procedures, and actions must be documented and
filed as a permanent record upon completion of remedial actiom at a site.

B. . BASIC DOSE LIMITS

-+ The basic limit for the amnual radiation'dose received by an individual

member of the general public is 500 mrem/yr for a period of exposure mot to ————

exceed 5 years and an average of 100 mrem/yr over a lifetime. The committed
effective dose equivalent, as defined ino ICRP Publicatiom 26 (ICRP 1977) and
calculated by dosimetry models described in ICRP Publicatiom 30 (ICRP 1978),
shall be used for determining the dose.



C. GUIDELINES FOR RESIDUAL RADIOACTIVITY

C.1 Residual Radionuclides in Soil Material

Residual concentratiouns of radionuclides in soil material shall be speci-
fied as above-background concemtrations averaged over an area of 100 m?. If
the concentration -in any area is found to exceed the average by a factor
greater than 3, guidelines for local conceatratioms shall also be applicable.
These "hot spot" guidelines depend on the exteat of the elevatad local concen-
trationms aand are given in the supplement. ’

The generic guidelines for residual concentrations of Th-232, Th-230,
Ra-228, and Ra-226 are:

- 5 pCi/g, averaged over the first 15 cm of soil below the surface

- 15 pCi/g, averaged over 15-cm-thick layers of soil more than
15 cm below the surface

These guidelines take into account ingrowth of Ra-226 from Th-230 and of
Ra-228 from Th-232, and assume secular equilibrium. If either Th-230 and
Ra-226 or Th-232 and Ra-228 are both present, mot in secular equilibrium, the
guidelines apply to the higher concentration. If other mixtures of radio-
nuclides occur, the comcentrations of individual radionuclides shall be
reduced so that the dose for the mixtures will not exceed the basic dose
limit. "Explicit formulas for calculating residual coacentration guidelines
for mixtures are given in the supplement.

The guidelines for residual concentratioms in soil material of all other
radionuclides shall be derived from basic dose limits by means of an environ-
mental pathway analysis using site-specific data. Procedures for deriving
these guidelines are given in the supplement.

C.2 Airborme Radon Decav Products

Generic guidelines for concentraticos of airborme radon decay products
shall apply to existing occupied or habitable structures on private property
that are intended for umrestricted use; structures that will be demolished or
buried are excluded. The applicable genmeric guideline (40 CFR 192) is: In
any occupied or habitable building, the objective of remedial action shall be,
and reasomable effort shall be made to achieve, an annual average (or
equivalent) radon decay product conceatration (including background) not to
exceed :0.02 WL.* In any case, the radon decay product concentration

‘(including;background) shall not exceed 0.03 WL. Remedial actions are not

required in order to comply with this guideline when there 1s reasonable
assurance that residual radiocactive materials are not the cause.

C.3 Externmal Gamma Radiation

The average level of gamma radiation inside a building or habitable
structure on a site to be released for unrestricted use shall not exceed the
background level by more than 20 pR/h.

*A working level (WL) is any combination of short~lived radon decay products
in ome liter of air that will result in the ultimate emission of 1.3 X 10° MeV
of potential alpha eagergy.

C-3




C.4 Surface Contaminatioan

The following generic guidelines, adapted from standards of the U.S. Nuclear
Regulatory Commission (1982), are applicable only to existing structures and
equipment that will not be demolished and buried. They apply to both interior
and exterior surfaces. If a building is demolished and buried, the guidelines
in Section C.1 are applicable to the resulting contaminatioa in the ground.

Allowable Total Residual Surface
Contamipation (dpm/100 cm?)71

Radionuclidest? Averaget3 % Maximumi?,tS Removablet?® ¥

Transuranics, Ra-226, Ra-228,
Th-230, Th-228, Pa-231, Ac-227,

I-125, I-129 ’ 100 300 20

Th-Natural, Th-232, Sr-90, Ra-223,

Ra-224, U-232, I-126, I-131, I-133 1,000 3,000 200

U-Natural, U-235, U-238, and

associated decay products 5,000«¢ 15,000 1,000

Beta-gamma emitters (radiocnuclides

with decay modes other than alpha

emission or spontaneous fission)

except Sr-90 and others notad above 5,0008-y 15,0008~y 1,0008-y

11 As used in this table, dpm (disintegrations per minute) means the rate of

emission by radioactive material as determined by correcting the counts
per minute measured by an appropriate detector for background, efficiency,
and geometric factors associated with the instrumentation.

t2 Where surface contamination by both alpha- and beta-gamma-emitting radio-
nuclides exists, the limits established for alpha- and beta-gamma-emitting
radioonuclides should apply independently.

: Heasurements of average contamination should not be averaged over an area
of more tham 1 m?. For objects of less surface area, the average should
be derived for each such object.

% The average and maximum dose rates associated with surface contamination
resulting from beta-gamma emitters should not excesd 0.2 mrad/h and
1.0 mrad/h, respectively, at 1 cm.

+3 The maximum contamination level applies to an area of not more than.
100 cm?.

% The amount of removable radicactive material per 100 cm?® of surface area
should be determined by wiping that area with dry filter or soft absorbent
paper, applying moderate pressure, and measuring the amount of radioactive
material on the wipe with an appropriate instrument of known efficiency.
VWhea removable contamination on objects of surface area less than 100 cm?
is determined, the activity per umit area should be based on the actual
area and the entire surface should be wiped. The numbers in this column
are maximum amounts.
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‘ D. AUTHORIZED LIMITS FOR RESIDUAL RADIOACTIVITY

The remedial action shall not be coasidered complete umless the residual
radioactivity is below authorized limits. Authorized limits shall be set equal
to guidelines for residual radiocactivity unless: (1) exceptions specified in
Section F of this document are applicable, in which case an authorized limit
may be set above the guideline value for the specific location or condition to
which the exception is applicable; or (2) on the basis of site-specific data
not used in establishing the guidelines, it can be clearly established that
limits below the guidelines are reasonable and can be achieved without
appreciable increase in cost of the remedial action. Authorized limits that
differ from guidelines must be justified and established on a site-specific
basis, with documentation that must be filed as a permanent record upon com-
pletion of remedial action at a site. Authorized limits differing from the
guidelines must be approved by the Director, Oak Ridge Technical Services
Division, for FUSRAP and by the Director, Richland Surplus Facilities Manage-
ment Program Office, for remote SEMP--with concurreace by the Director of
Remedial Action Projects for both programs.

E. (CONTROL OF RESIDUAL RADIOACTIVITY AT FUSRAP AND REMOTE SFMP SITES

Residual radiocactivity above the guidelines at FUSRAP and remote SFMP
sites must be managed in accordance with applicable DOE Orders. The DOE
Order 5480.1A requires compliance with applicable federal, state, and local
environmental protection standards.

. The operatiomal and control requirements specified in the following DOE
Orders shall apply to interim storage, interim management, and long-term
management.

5440.1B, Implementation of the National Enviroumental Policy Act

b. 5480.1A, Environmental Protection, Safety, and Health Protection
Program for DOE Operations

5480.2, Hazardous and Radioactive Mixed Waste Management

d. 5480.4, Environmental Protecticn, Safety, and Health Protection
Standards

e. 5482.1A, Environmental, Safety, and Health Appraisal Program

5483.1, Occupational Safety and Health Program for Government-
Owned Contractor-Operated Facilities '

g.A 5484.1, Environmental Protection, Safety, and Health Protection
Information Reporting Requirements

h. 5484.2, Unusual Occurrence Reporting System

i. 5820.2, Radioactive Waste Management

E.1 Interim Storage

a. Control and stabilization features shall be designed to emsure,
to the extent reasoanably achievable, an effective life of
‘ 50 years and, in any case, at least 25 years.
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Above-background Rn-222 concentrations in the atmosphere above
facility surfaces or openings shall mot excesd: (1) 100 pCi/L
at aoy givean point, (2) an aonnual average couceatration of
30 pCi/L ove- :he'facility site, and (3) an annual average
Coucentration of 3 pCi/L at or above any location outside the
facility site (DOE Order 5480.13, Attachment XI-1).

Concentrations of radionuclides in the groundwater or quantities
of residual radiocactive materials shall pot exceed existing
federal, state, or local standards. :

Access to a site shall be coantrolled and misuse of oasite
material comtaminated by residual radioactivity shall be
prevented through appropriate administrative controls and
physical barriers--active and passive controls as described by
the U.S. Environmental Protection Agency (1983--p. 595). These
control features should be designed to ensure, to the extent
reasonable, an effective life of at least 25 years. The federal
government shall have title to the property.

E.2 Igterim Management

a.

A site may be released under interim management when the residual
radiocactivity exceeds guideline values if the residual radio-
activity is in inaccessible locations and would be unreasomably
costly to remove, provided that administrative controls are
established to ensure that no member of the public shall
receive a radiation dose excesding the basic dose limit.

The administrative controls, as approved by DOE, shall include
but not be limited to periodic monitoring, appropriate shielding,
physical barriers to prevent access, and appropriate radiological
safety measures during malntenacce, renovationm, demolition, or
other activities that might disturb the residual radiocactivity
Or cause it to migrate.

The owner of the site or appropriate federal, state, or local
authorities shall be respoasible for enforcing the administrative
coatrols. '

E.3 Loong-Term Management

Uranium, Thorium, and Their Decay Products

a.

Control and stabilization features shall be designed to ensure,
to the extent reasonably achievable, an effective life of
1,000 years and, in any case, at least 204Q years.

Control and stabilization features shall be designed to ensure
that Rn-222 emanation to the atmosphere from the waste shall
not: (1) exceed an apnual average release rate of 20 pCi/w?/s,
and (2) increase the annual average Rn-222 coacentration at or
above any location outside the boundary of the contaminated
area by more thaa 0.5 pCi/L. Field verification of emamation
rates is oot required.




v

€. Prior to placement of aay potentially biodegradable coatami-
nated wastes in a loang-term management facility, such wastes
shall be properly conditioned to ensure that (1) the generation
and escape of biogeaic gases will not cause the requiremegt in
paragraph b of this section (E.3) to be exceeded, and (2) bio-
degradation within the facility will not result in premature
structural failure in violation of the requirements in para-
graph a of this section (E.3).

d. Groundwater shall be protected in accordance with 40 CFR

192.20(a)(2) and 192.20(a)(3), as applicable to FUSRAP and
remote SEMP sites.

e. Access to a site should be controlled and misuse of onsite
material contaminated by residual radioactivity should be
prevented through appropriate administrative controls and
physical barriers--active and passive controls as described by
the U.S. Environmental Protection Agency (1983--p. 595). These
controls should be designed to be effective to the extent
reasonable for at least 200 years. The federal government
shall have title to the property.

Other Radionuclides

f. Loug-term management of other radionuclides shall be in accordance
with Chapters 2, 3, and 5 of DOE Order 5820.2, as applicable.

F. EXCEPTIONS

Exceptions to the requirement that authorized limits be set equal to the
guidelines may be made on the basis of an analysis of site-specific aspects of
a designated site that were not taken into account in deriving the guidelines.
Exceptions require approvals as stated ing Section D. Specific situations that
warrant exceptions are:

a. Where remedial actions would pose a clear and present risk of
injury to workers or members of the general public, notwith-
standing reasonable measures to avoid or reduce risk.

b. Where remedial actions--even after all reasonable mitigative
measures have been taken--would produce environmental harm that
is clearly excessive compared to the health benefits to persons
living on or near affected sites, now or in the future. A
clear excess of enviromnmental harm is harm that is long-term,
manifest, and grossly disproportiomate to health benefits that
may reasonably be anticipated.

c. Where the cost of remedial actions for contaminated soil is
unreasonably high relative to long-term benefits and where the
residual radioactive materials do not Pose a clear present or
future risk after taking necessary control measures. The
likelihood that buildings will be erected or that people will
spead long periods of time at such a site should be considered
in evaluating this risk. Remedial actions will generally not




be necessary where oaly minor quantities of residual radio-
active materials are involved or where residual radiocactive
materials occur im an inaccessible location at which site-
specific factors limit their hazard and from 7 -h they are
costly or difficult to remove. Examples are residual radio-
active materials under hard-surface public roads and sidewalks,
around public sewer lines, or in fence-post foundations. In
order to invoke this exceptioa, a site-specific analysis must
be provided to establish that it would not cause an individual
to receive a radiation dose in excess of the basic dose limits
stated in Sectioa B, and a statement specifying the residual
radioactivity must be included in the appropriate state and
local records.

d. Where the cost of cleanup of a contaminated building is clearly
unreasonably high relative to the benefits. Factors that shall
be ipcluded in this judgmeant are the anticipated period of
occupancy, the incremental radiaticn level that would be effected
by remedial actionm, the residual useful lifetime of the building,
the potential for future constructiom at the site, and the
applicability of remedial actions that would be less costly
than removal of the residual radiocactive materials. A state-
ment specifying the residual radioactivity must be included in
the appropriate state and local records.

e. Where there is no feasible remedial action.

SOURCES

Limit or Guideline Source

Basic Dose Limits

Dosimetry Model and Dose International Commission on Radiological
Limits Protection (1977, 1978)

Generic Guidelines for Residual Radiocactivity

Residual Concentrations 40 CFR 192
of Radium and Thorium
in Soil Material

Aifborne Radon Decay 40 CFR 192
Products
External Gamma Radiation 40 CFR 192
Surface Contamination Adapted from U.S. Nuclear Regulatory

Commission (1982)

Control of Radiocactive Wastes and Residues

Interim Storage DOE Order S480.1A
Long~Term Management DOE Order 5480.1A; 40 CFR 192
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URANIUM SITE SPECIFIC SOIL GUIDELINES FOR THE U.S. ARMY RESERVE PROPERTY
developed by
T.L. Gilbert

Eavirounmental Research Division
Argonne National Laboratory

Uranium site—specific soil guidelines where derived for the U.S. Army
Reserve property adjacent to the Weldon Spring Chemical Plant. These derived
soil guidelines (Gilbert 1986) are based oan the requirement that the average
annual committed effective dose equivalent to an individual should not exceed a
basic dose 1limit of 100 wrem/yr above background (U.S. Dept. Energy 1985).
Procedures specified in the DOE manual for implementing residual radiocactivity

guidelines were used to carry out the derivation (Gilbert et al. 1985).

It was calculated that the basic dose limit would not be exceeded if the
average concentration of U-238 within contaminated zomes does not exceed 60
pCi/g. This guideline value applies to the activity.concentration of U-238 when
no principal radionuclides . other than U-238 and U-234 are present ia
above—background concentrations and when U-238 and U-234 are both present in
secular equilibrium. In those locations, where other radionuclides are present
in above-background concentrations, the mixture sum formula (Gilbert et al.

1985-——Section 5.4.2) would be used to determine if guidelines are met.

For small, isolated areas on this property, soil concentrations of U-238 in
excess of the above guideline levels are allowable, provided it can be

. established that the basic dose limit is not exceeded.

The foregoing guidelines are based solely on the requirement that the
estimated potential dose to an oasite resident should not exceed 100 mrem/yr.
An additiomal DOE requirement is that the radiation dose to individuals and
groups should be kept as low as reasonably achievable (ALARA), economic and

social factors being taken into account (Gilbert et al. 1985—Section 6).
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